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ABSTRACT 

The l a r g e s t  gas f i e l d  i n  t h e  Appalachian  b a s i n  i s  examined  

i n  terms o f :  1) s t r u c t u r a l  e l e m e n t s  d e s c r i b e d  i n  e x i s t i n g  

l i t e r a t u r e ,  2 )  s t r a t i g r a p h i c  r e l a t i o n s h i p s  d e r i v e d  from gamma- 

r a y  l o g s ,  3 )  l i t h o l o g i c  sequences  from w e l l  c u t t i n g  s t u d i e s ,  

and 4 )  i n o r g a n i c  geochemis t ry  of  e l e m e n t s  and m i n e r a l s  from w e l l  

c u t t i n g s .  F i n a l  open f l o w  da ta  from a p p r o x i m a t e l y  4750 w e l l s  

p roduc ing  from t h e  Upper- Devonian b l a c k  shale  are  compared w i t h  

t h e  g e o l o g i c a l  p a r a m e t e r s .  

The E a s t e r n  Kentucky Gas F i e l d ,  a c o a l e s c e n c e  of many 

f i e l d s ,  i s  concluded  t o  r e p r e s e n t  a h i g h l y  complex s t r u c t u r a l -  

s t r a t i g r a p h i c  gas t r a p .  S t r a t i g r a p h i c  r e l a t i o n s h i p s  dominate  

t h e  o r i g i n  and o c c u r r e n c e  of  t h e  g a s  i n  t h e  b l a c k  shale f a c i e s ,  

b u t  s t r u c t u r a l  c o n s t r a i n t s  on b a s i n a l  c o n f i g u r a t i o n  and sub- 

s e q u e n t  doming and u p 1 i f . t  i n  t h e  s o u t h e a s t  p r o b a b l y  r e s u l t e d  

i n  g r a v i t y  t e c t o n i c s ,  d e c o l l e m e n t  f e a t u r e s ,  and c o m p r e s s i o n a l  

stresses,  c o n t r i b u t i n g  t o  a widesp read  f r a c t u r e  f a c i e s  concen- 

t r a t e d  i n  t h e  Huron m e m b e r  o f  t h e  Ohio S h a l e .  

T h i s  f r a c t u r e  f a c i e s  may be enhanced by t h e  o c c u r r e n c e  

of  complex i n t e r t o n g u i n g  o f  o r g a n i c  b l a c k  shale w i t h  s i l t y  

gray s h a l e  i n  t h e  c e n t e r  of t h e  area o f  h i g h  gas p r o d u c t i o n .  

R a d i a t i n g  and c i r c u l a r  f r a c t u r e  zones  ( i n t e r p r e t e d  from 

open f l o w  p a t t e r n s ) ,  r e l a t e d  t o  t h e  P a i n t  Creek U p l i f t ,  

p r o b a b l y  p r o v i d e d  c o n d u i t s  f o r  t h e  major  p a t t e r n  of gas 
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accumulation off the nose of the uplift. 

in the shales are probably a result of the compressional and 

compaction relationships, coupled with the fracture conduits 

over the nose of the Paint Creek Uplift. 

High pressure zones 

The mineralic ratios, determined by geochemical analysis, 

suggest an upper Devonian environment dominated by relatively 

fresh water, marginal, cratonic swamps, which were periodically 

destroyed, the organic debris from which contributed to the 

black shales accumulating at the toe of the prograding eastern 

deltas. 

Inorganic elemental geochemistry shows promise as an 

exploration t o o l .  

Mg J K, Fey Cay the ratio S i / A l ,  and S result in maps which 

show configurations similar to the density of high producing 

wells. 

The contoured data on the oxides of Si, A l ,  
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I. I N T R O D U C T I O N  

A. P u r p o s e  

T h e  p u r p o s e  of t h e  s t u d y  € r e s e n t e d  here  i s  t o  

relate g a s  o c c u r r 6 n c E :  axld p r o d u c t i o n  p o t e n t i a l  ( a s  i n t e r -  

p r e t e d  from open f l o w  d a t a )  ir: the U p p e r  D e v o n i a n  b l ack  

s h a l e s  i n  e a s t e r n  K e n t u c k y  t o  g e o l o g i c a l  parameters, 

i n c l u d i n g  r e g i o n a l  s t r u c t u r e ,  f r ac tu re  f r e q u e n c y ,  

s t  r it i g r a p h y  , lithology , a n d  inorga nic  g e o c h e m i s t r y .  

U n d e r s t a n d i n g  of these  r e l a t i o n s h i p s  may p r o v i d e  bet ter  

models f o r  b l a c k  s h a l e  gas p r c d u c t i o n ,  a p r a c t i c a l  

framework f o r  f i e l d  e x p a n s i o n ,  and  may s u g g e s t  

c o n s t r a i n t s  f o r  t e c h c o l o g i c a l  a d v a n c e s  i n  r e c o v e r y  m e t h o d s ,  

The Big S a n d y ,  a s  t h e  o r i g i n a l  f i z l d  i s  c a l l e d ,  

axd t h e  s u r r o u n d i r . g  a r e a s  i n  casterr, K e n t u c k y  a c c o u n t  

f o r  a b o u t  90% of  t h e  t o t h l  g a s  p r c d u c t i o n  i n  K e n t u c k y ;  a b o u t  

75% of  this is  p r o d u c e d  from C e v o n i a n  b l a c k  s h a l e ;  

a n d  a b o u t  92.2% of t h e  b l a c k  shale gas is  p r o d u c e d  

from s e c o n d a r y  r e s e r v o i r s  u i t h  v e r t i c a l  j o i n t s  arid 

f r a c t u r e s  a c c o r d i n g  t o  H u n t e r  (1964),. The s o u r c e  beds 

a r c  %he o r g a c i c  b l a c k  s h a l e s  a c d  t h e  p r i m a r y  r e s e r p o i r s  

a r e  t h e  s i l t e r  o r  s a n d  l a y e r s ,  C c l e m a n  D, H u n t e r  worked 

oc t h i s  p r o b l e m  for n e a r l y  t h i r t y  yea r s  a s  c h i e f  g e o l o g i s t  

for K e n t u c k y - W e s t  V i r g i n i a  Gas, 

B. S c o p e  and Data Bases 

S t r u c t u r a l  i n f o r m a t i o n  a n d  maps a r e  p r i m a r i l y  

d e r i v e d  from e x i s t i n g ,  p u b l i s t e d  a n d  u n p u b l i s h e d  

l i t e r a t u r e .  

r 



, -  

UGR F i l e  #262 
Jane Negus-de WyS 

De t 
t&&s h i p s .a nd 

of Geology and Geography 
St r a t  i g r a p h  i c 

s t r u c t u r a l - s t r a t i g r a p h i c  cross s E c t i o r s  are b a s e d  on  

g a m m a - r a y  l o g 5  selected trom 300 well l o g s  s u p p l i e d  by 

P e n t u c k  y-West  Yirg i r l i a  G a s  Ccmpany.  

L i t h o l o g y  s t u d i e s  a r e  c o n d u c t e d  o n  a b o u t  600 

s a m p l s s  of well c u t t i n g s  frcm t h i r t e e n  u e l l s .  All 

c u t t i n g s  a r e  from c a b l e  t o o l - d r i l l e d  wells w i t h  one 

e x c e p t i o n  n e a r  the P i n e  M o u n t a ' i n  T h r u s t .  T h e s e  

S a m F k S  a re  s u p p l i e d  by K e n t u c k y - W e s t  V i r g i n i a  Gas 

Company.  

I n o r g a n i c  g e o c h e m i c a l  a n a l y s e s  (x-ray 

f l u o r e s c e n c e  a n d  x-ray d i f f r a c t i o n )  uere performed oa 

all s a m F l e s  u s e d  i n  t h e  l i t h c l o q y  s t u d y ,  p l u s  a n  

a Z d i + i o n a l  well, t o t a l l i r q  akroximately 700 s a m p l e s -  

F i n a l  o p e n  f l o w  d a t a  frcu a p p r c x i m a t e l q  4750 

w-11s a r e  a b s t r a c t e d  f ron,  K e n t u c k y - W e s t  V i r g i n i a  Gas 

2 

Company m a p s ,  

C, B a c k g r o u n d  

T h e  E a s t e r n  K e n t u c k y  G a s  f i e l d  may be c o n s i d e r e d  

a c o a l e s c e n c e  of many f i e l d s  c o v e r i n g  an a r e a  of a b o u t  

3000 s q u a r e  miles ar:d centering o v e r  a f i e l d  better 

knour, a s  the Big Sandy  ( F i g u r f  1) .  See Figure 1 f o r  l o c a t i o n  

of study area. T h i s  a r e a  h a s  F r c d u c e d  g a s  from the 

Upper D e v o n i a n  b l a c k  s h a l e s  fcr n e a r l y  one hundred years; 

some wells are sti l l  e c o n o m i c a f l y  p r o d u c t i v e  a f t e r  

more t h a n  fifty yc-kars. T h e  s t r a t i g r a p h i c  s e q u e c c e  of 

major i n t e r e s t  i n  t h i s  s t u d y  is the O h i o  S h a l e ,  

i n c l u d i n g  t h e  C l e v e l a n d ,  T h r e e  L i c k ,  u p p e r  Huron, 
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a i i i d l e  Huron, a n d  l o u e r  H u r o n  units, T h e  Berea/Aedford 

s e q u e n c e  h a s  b e e n  i r i c l u d e d  uhcre d a t a  p e r m i t t e d .  See 

Tah le  1 f o r  S t r a t i g r a p h i c  r e l a t i o n s h i p  of O h i o  S h a l e  w i t h  

t h e  Yew A l b a n y  S h a l e  ar.2 C h a t t a n o o g a  Shale, and T a b l e  

2 for s t r a t i g r a p h i c  u n i t s  s t u d i e d ,  w i t h  g e n e r a l  gamma- 

r a y  l o g  character iszics  ( P r o v c ,  1977)  and l i t h o l o g y -  

F i g u r e  I s h o w s  t h e  f o r n a t i o n a l  terminology (after 

S v a g e r ,  1 9 7 8 ) -  

T h e  e n i g m a  of g a s  p r o d u c t i c n  from a t i g h t  s h a l e  

w i t h  b o t h  low porosity ar id  low p e r m e a b i l i t y  h a s  

p l a g u e d  g e o l o g i s t s  i n  t h e  a r c a  since the f i e l d ' s  

i n c e p t i o n  ( H u r l t e r ,  1935). A l t h o u g h  some relationship 

u a s  f o u n d  w i t h  a n t i c l i n a l  s t r e c t u r e s ,  g a s  was a l s o  

recov-r - .d  frolri s y n c l i n a ;  a r e a s  a n d  troughs. As t h e  

f i e l d  a r z a  d e v e l o b e d ,  i r ' t r i c a t e  a n d  p o s s i b l y  inter- 

c o n n e c t a d  f r a c t u r e  geometry was s u g g e s t e d  b y  t h e  

gas  recovery p a t t e r n  ( F i g u r c s  2 and 3 ,  after H u n t e r  

a n d  Young, 1953). 

As well c u t t i r . g s  wcr2 ~ x a g i n e d  i t  became a p p a r e n t  

t h a t  a r e l a t i o n s h i p  also e x i s t e d  between gas  r e c o v e r y  

a n d  the o c c u r r e n c e  of  thin s i l t y  o r  s a n d y  l a y e r s  i n  

t h e  b l a c k  s h a l e ,  T b c s e  s i l t i e r  l a y e r s  were r e l a t ed  by 

s e v e r a l  early workers to s h o r e - l i n e  f a c i e s  o n  t h e  

e p i c o n t i n e n t a l  s h e l f ,  a s  well a s  s tr ingers  r e l a t e d  t o  

de l t a i c  p r o g r a d a t i o n  ( H u r t e r ,  1953; Thomas ,  1951; 

I 
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B i l l i n g s l e y ,  7934 ;  t a f f c r t y ,  1935;  a n d  M c F a r l a n ,  

1943)  - 
Z i t h  increased  dsmaca, a c c c m p a n i e d  b y  i n c r e a s e d  

prices for f o s s i l  f u e l s ,  i n t e r e s t  i n  more i n t e n s i v e  

a n d  e f f i c i e n t  recovery of gas  from t l a c k  s h a l e s  

s p u r r c d  r e s e a r c h  o n  p o t e n t i a l  g a s  r e c o v e r y  from t h e  

Upper D e v o n i a n  black shales i n  the A p p a l a c h i a n  basin. 

T h i s  s t u d y  is a part  of t h e  r e s e a r c h  funde l !  b y  the 

D e p a r t m e n t  of E n e r g y  i r  the Eastern Gas S h a l e s  

P r o j e c t ,  a n d  r e p r e s e r . t s  ar. effort t o  b r i n g  t o g e t h e r  a s  

much known d a t a  a b o u t  the a r e a  a s  ~ c s s i b l e  i n  

c D n i h i n a t i o n  w i t h  a d d i t i c i n a l  r c s e a r c h  o n  l i t h o l o g y ,  

g P o c t i e r n i s t r y ,  a n d  a c a l y - c i s  o f  C F + E  f l o w  data. 

T h i s  s t u d y  P i e S E n t s  t h e  gencra l  field 

r e l a t i c n s h i p s  a n d  t o c u s t s  t hc  c r c d  f o r  d e t a i l e d  

s t u d i e s  i n  a r e a s  such a s  1 )  fine s truc tura l  f e a t u r e s  

r e l a t z d  t o  the Ohio S h a l e  p r c d u c t i o n  i n  e a s t e r n  

K e n t u c k y ,  2) the r o l e  of l i t h c l o g i c a l  v a r i a t i o n  i n  g a s  

p r o d u c t i o n ,  a n d  3) tho s red t c  d e v e l o p e  a t e c h n i q u e  t o  

s t u d y  f r a c t u r e  f r e q u e n c y  a n d  r e l a t i c n s h i p  of f r a c t u r e s  

t o  siltier l a y e r s .  (See S u g g e s t e d  F u t u r e  P r o b l e m s  for 

S t u d y ) .  

4 

1 
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11, DATA USED Ih! TLIS SICCY 

A. Summary of P r e v i o u s  S t r u c t u r e  Maps 

V a r i o u s  s t r u c t u r a l  biorizcns h a v e  b e e n  s t u d i e d  i n  

t h e  f i e l d  a r e a  a t  w i d e l y  s e p a r a t e d  times. The maps  

e x i s t i n g  i n  t h e  p r e v i o u s  l i t e r a t u r e  a r e  r e v i e w e d  a s  a 

framework for t h e  p r o s e r , t  s t u d y ,  

1. A c c o r d a n t  S u m a i t  L e v e l  

A s t u d y  of accordar: t  s u m m i t  l e v e l s  b y  M c F a r l a n  

a n d  Haag ( 1 9 4 0 )  s h o w s  ar. a r s a  F h y s i o g r a p h i c a l l y  

" n o t  beyond e a r l y  m a t u r i t y ,  so t h a t  e a r l y  u p l a n d  

l e v e l s  a r e  s t i l l  r e p r e s e n t e d  i n  t h e  a c c o r d a n t  

h i l l t o p s . n  ( F i g u r e  4 ,  a f t e r  M c F a r l a n ,  1 9 4 3 ) -  There i s  

a major a a s t - u s s t  t r c n a  t o  t h e  s t r i k e  of t h a  c o n t o u r s  

i n  t h e  c e n t e r  of t h c  ficld, 

2-  S t r u c t u r e  01: T o p  o f  t h e  F i r e  Clay Coal ( P e c n s y l v a n i a n )  

S t r u c t u r e  o n  t o p  ok t h f :  Fire C l a y  coal is shown 

i u  F i g u r e  5 ,  A c l D s e d  s o u t h e r n  b a s i n  is o b s e r v e d  on 

t h e  1 G 0 0 - f o o t  contour, T h e  s h a d e d  9 0 0 - 1 0 0 0 - f o o t  

e l e v a t i o n  i n t e r v d l  shows a n  i n t e r f e r e n c e  f i g u r e  o n  t h e  

s t r u c t u r a l  surface, w i t h  two c r o s s i n g  directions: 

n o r t h e a s t - s o u t h w e s t  and n o r t h - s o u t h ,  The j u n c t i o n  of 

t hese  t r e n d s  a t  t h i s  structural l e v e l  is the p o i n t  a t  

w h i c h  t h e  n o r t h - s o u t h  t r e n d i n g  P a i n t  C r e e k  U p l i f t  

i n t e r s e c t s  t h e  e a s t e r n  K e n t u c k y  s y n c l i n e .  

R e l a t i o r i s i p s  of tile F i r e  C l a y  coa l  a t t i t u d e  a t  

p r e s e n t  a n d  a t  time of d e p o s i t i c n  a r e  c o n t r a s t e d  w i t h  
I -- 
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t h e  a t t i t u d e s  of thc -e~a ; ld&i?9sha lc  u n d e r  t h e  s e c t i o n  on 

A n a y s i s  of Data. 

3- Coal Face Cleats 

Coal  f a c e  c l e a t s  m t a s u r e d  b y  Long (1979)  show a 

r a d i a t i n g  p a t t e r n  a u o u t  ii s o u t h e a s t e r n  f o c u s .  See 

Z i g u r e  6. This p a t t e r n  compared w i t h  f i g u r e  5 s h o w s  a 

parallel r e l a t i o n s h i p  of face cleat d i r e c t i o n s  t o  d i p  

of s t r u c t u r a l  c o n t o u r s  on t h e  F i r e  C l a y  coal, Long 

h a s  suggested a a i r e c t i c c a l  c c r s t r a i n t  o n  t h e  c o a l  

face c l e a t s  i m p o s e d  h y  d p p o s i t i o n a l  b a s i n  

c o n f i g u r a t i o n .  It  would apy;Ear t h a t  t h e  face  c l e a t s  

may also b e  r e l a t c d  t o  t h e  u ~ l i f t  s t r u c t u r e  i n  the 

southeast, i u .posed  or, t t t  c c a l  a f t e r  d e p o s i t i o n .  

I f  c o a l  c l c sa t s  a r e  r c - l a t e d  t o  t h i s  u p l i f t  a n d  c o m p r e s ~ i o r ~ ,  

the s h a i o  f r a c t u r c s  o r  nore i n t c n s s  f r a c t u r e  z o n e s  

( d e s c r i b E d  u n d e r  4. I i a n c i t y  c f  H i g h  Open P l o w  'nlells, 

page 32, a n d  F i g u r e  7 9 )  may a l s o  be r e l a t e d .  

4, S t r u c t u r e  o n  T o p  of t t e  Berea 

Structure o n  top of t h e  B5rea s a n d s t o n e  is shown in 

F i y u r T !  7 ( a f t e r  T b D m a s ,  1 9 5 1 ) .  f a u l t s  of t h o  e a s t e r n  

K e n t u c k y  system a re  seer. t r e n d i n g  east-west a c r o s s  t h e  

u p p e r  left q u a d r a n t  of  t h e  map, T h e  P a i n t  C r e e k  

U p l i f t  dominates  t h e  s t r u c t u r a l  c o n f i g u r a t i o n  w i t h  a 

n o r t h - s o u t h  t r e n d  e u t e r i n g  t h e  f i e l d  from t h e  n o r t h  

a c d  c h a n g i n g  to a b r o a d g r  southaastern slope. 

5. S t r u c t u r e  on T o p  of  the O h i o  Shale and S u b c r o p  

S t r u c t u r e  ( H u n t o n  age)  
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S t r u c t u r e  o n  tht tcy. of t h e  O h i o  S h a l e  ( P r o v o ,  

7977)  i s  shown i n  F i g u r e  8. F r o v o  used a b o u t  250 d a t a  

p o i n t s ,  i n c l u d i n g  drillersg l o g s  a n d  gamma-ray 

logs i n  t h e  c o m p i l a t i o n  of t h i s  map. Data p o i n t s  i n  

t h e  c e n t r a l  a r e a  were s p a r s e .  U n f o r t u n a t e l y ,  

a v a i l a b l e  gamma-ray l o g s  for t h e  p r e s e n t  s t u d y  

a l s o  were l a c k i n g  i n  t h e  F l o y d  C o u n t y  area w h i c h  is 

t h e  c e n t e r  of  h i g h e s t  F r c d u c t i c n .  However ,  some 

i r r e u u l a r i t i e s  i n  c o n t o u r s  s u g g e s t i n g  smaller 

s t r u c t u r e  i n  F l o y d  c o u n t y  a r e  a a p a r e n t  i n  F i y u r e  8- 

T h e  0 - f o o t  a n d  S O P - f o o t  i s o p a c h  l i n e s  f o r  the 

Huxitor, a g e  s t r a t a  u u d e r l y i n g  t h e  O h i o  S h a l e  a r e  s h o w n  

ir; F i g u f e  1. (Weaver ,  1973). T h o  e r o s i o n a l  s u r f a c e  OR 

+-hr HuntDn s l o p e d  tc tk:F- cast,  n o r t h e a s t .  

6 .  E v i d e n c e  of Rome T r o u g h  G r o w t h  

T h e  Dome t r o u g h ,  a b a s + n ? r n t  s t r u c t u r e  b u r i e d  u n d e r  

M i d d l e  a n d  U p p e r  Pa l eozo ic  s E d i m e n t s ,  p r o b a b l y  o r i g i n a t e d  

ir. L a t e  P r e c a m b r i a n  time; howevex,  major d e v e l o p m e n t  of t h e  

a s y m e t r i c a l  g r a b s r i  o c c u r r e d  i n  Lover to M i d d l e  

C a m b r i a n  time. E v i d c - n c e  f o r  t h i s  d a t i n g  i s  o b s e r v e d  

i n  the t h i c k e n e d  s e q u e n c e s  o f  s i l t s t o n e s ,  s h a l e ,  and 

s a n d  c o m p r i s i n g  t h e  Rome f o m a t i c n  (See F i g u r e  98 

a f t e r  Cever, gt a&. , 1977) . 
A s s o c i a t e d  w i t h  t h e  Woodward F a u l t  Zone ,  which 

t r G n d s  n o r t h e a s t w a r d  a n d  b o r d e r s  t h e  s t u d y  area 

o n  t h e  n o r t h ,  ( F i g u r e  10, a f t e r  S i l b e r m a n ,  1972) 

C a m b r o - O r d o v i c i a n  g r o w t h  f a u l t s  have b e e n  d e s c r i b e d  

t r e n d i n g  east-west. Near t h e  j u n c t i o n  of two of t h e s e  
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f a u l t s  w i t h  t h e  Woodward f a u l t  Zone, a P e r m i a n  i g n e o u s  

i n t r u s i v e  a n d  s u r f a c e  d i k e s  a r e  d e s c r i b e d  by S i l h e r m a n  

(1972) .  The r e l a t i o n s h i F  t o  t h e  n o r t h w e s t e r n  come1  

of the s t u d y  a r ea  is s h o w n  I n  the inset map. 

7, B a s e m e n t  S t r u c t u r e  

B a s e m e n t  s t r u c t u r e  h a s  b e e n  i n t e r p r e t e d  b y  

Amrnerman a n d  Keller (1979)  frcnr the Bouguer g r a v i t y  

map ( F i g u r e  11) .  T h e  F l c y d  C c u n t y  C h a n n e l ,  extending 

n o r t h w a r d  i n t o  t h e  c e n t e r  o f  thE f i e l d ,  i s  s u g g e s t e d  

- by th5se a u t h o r s  t o  b e  ar, a b o r t c d  r i f t ,  entering t h o  

9ome T r o u g h  a t  t h E  same s t r u c t u r a l  e l e v a t i o n  a s  t h e  

t r o u g h  a t  t h a t  p o i a t ,  T h e  P i k e  C o u n t y  Uplift a n d  

P e r r y  C o a n t y  U p l i f t  a r e  shown  well w i t h i n  t h e  s t u d y  

a r e a ,  The i r i t e r p r e t a t i c n  n y  S h u m a k E r  (7377)  s h o w n  i n  

F i g u r e  1 2  ( N e g u s - d e W y s  a p d  E e r t c n ,  1 9 7 9 )  s u g g e s t s  t h a t  

8 

the F l o y d  C o u r t y  C h a n n e l  i s  a s a d d l e  w i t h  t h e  two 

f l a n k i n g  u p l i f t s  f a r t h e r  a p a r t ,  T h e  Rome T r o u g h  is 

shown a s  a complex  graben w i t h  wedge-shaped b l o c k s  

s u c c 2 s s i v e l . y  more d o w n - t h r o w n  t o  t h q  n o r t h e a s t .  T h e  trend 

of t h e  t r o u g h  c h a n g e s  r a t h e r  a b r u p t l y  t o  a more n o r t h e r l y  

d i r e c t i o n  a f t e r  i t  enters rlest V i r g i n i a  (Negus-de Wys 

a n d  R e n t o n ,  1979) .  

8. R e l a t i o n s h i p  of t h e  Study Area t o  P r e c a m b r i a n  

Geological P r o v i n c e s  a n d  O r o g e n i c  T r e n d s  

F i g u r e  13 ( a f t e r  M u e h l b e r g e r ,  & &, 1967)  shows 

t h e  s t u d y  a r e a  t o  be l oca t ed  a t  t h e  b o u n d a r y  b e t w e e n  

two p r o v i n c e s ,  t h e  1 - 3 5  O i l l i c n  y e a r - o l d  c r a t o n i c  mass 

w i t h  n o r t h - e a s t  o r o g e n i c  t r e n d  l i n e s  and  t h e  younger 
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o r o g e n i c  t r e n d s ,  rhe P a l e o z o i c ,  p a l e o g e o g r a p h i c  

e p i c o n t i n e n t a l  s h e l f  i s  s u g g e s t e d  b y  P a u l  Pr ice  

(Lafferty, 1 9 4 1 )  t:, r u n  d i r e c t l y  t h r o u g h  t h e  c e n t e r  of 

t h e  s t u d y  a r r a ,  c 0 v e r i r . q  most cf t h s  map area ,  w i t h  a 

slight Easterly b u l g e  i r .  t h e  c cn te r  of the f i e l d  (See 

F i g u r e  1 4 ) .  The N e w  York-Alalama l i n e a m e n t ,  b a s e d  on 

a e r o m a g n e t i c  d a t a  ( K i n g  a n d  Zietz ,  1978),  t r e n d s  

r i o r t b B a s t - s o u t h w e s t  t o  t h e  s o u t h e a s t  of t h e  f i e l d .  

This l i n e a m e n t  h a s  been  i n t e r F r e t e d  by K i n g  a n d  Zietz 

a s  a p o s s i b l e  P r e c a m b r i a n  p l a t e  s u t u r e .  

9. S e q u e n t i a l  S t r u c t u r a l  C E v e l c p m e n t  i n  the S t u d y  Area 

T h e  s e q u e n t i a l  d e v e l o p m e n t  of t h e  s t r u c t u r a l  

s e t t i n g  of  t h e  s t u d y  a r e a  i s  chcwn i n  F i g u r e  15 

( K e q u s - d e i l y s ,  1979)  , a1,c s u 5 j ~ s t s  a n  a c t i v e  b a s e m e n t  

i n v c l v e m s n t  from E r e c a i i i b r i a r i  t o  I iGcen t  t ime- 

D e t a c h m e n t  arid g r a v i t y  t e c t o n i c s  i n  l a t e  Paleozoic 

t i c e  w i l l  be d i s c u s s e d  u n d e r  Data A n a l y s i s ,  The 

( S ~ G  F i g u r e  14) .  S t r u c f u r e s  shown i n c l u d e :  1) P r e c a m b r i a n :  

iiome T r o u g h ,  F l o y d  C o u n t y  C h a n n e l ;  2) C a m b r o - O r d o v i c i a n :  

majoI Rome Trough d2VelOpHient ,  g r c w t h  f a u l t s ,  a n d  

W a v e r l y  Arch  t r e n d ;  3 )  S i l u r i a n - D e v o n i a n :  C i n c i n n a t i  

Arch ,  i n i t i a t i o n  of t h e  e a s t e r n  K e n t u c k y  s y n c l i n e ;  4) 

M i s s i s s i p p i a n :  P a i n t  C r e e k  U F l i f t ,  U a v e r l y  Arch (west) ,  

a n d  t h e  P i k e  C o u n t y  a n d  Ferry c o u n t y  u p l i f t s ;  5) 

P e n a s y l v a n i a n :  P i n e  M o u n t a i n  T h r u s t  movement i n i t i a t e d  

a n d  major d e v e l o p m s r ' t  of e a s t s r n  Kentuc lcy  s y n c l i n e ;  6 )  

P e r m i a n :  i n t r u s i v e  i g n e o u s  h c d y  a n d  s u r f a c e  d i k e s  
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a s s o c i a t e d  v i t h  e a s t - v L s t  g r c h t h  f a u l t s  i n t e r s e c t i n g  

t h e  Woodward F a u l t  Zonc-. G r o v t h  of selected b a s i n  f a u l t s  

in t h e  Rome T r o u g h  area c o n t i n u e s  t o  R e c e n t  time, 

B, S t r a t i g r a p h y  froE Gauna-Hay Logs 

S t r a t i g r a p h i c  units i n  t t c  C h i 0  S h a l e ,  when 

i n t e r p r e t e d  from gamnra-ray lcgs, a r e  r e l a t e d  t o  

d i f f e r i n g  l o g  s i g n a t u r e s ,  Thcse m a y  o r  nap n o t  be 

i d e n t i c a l  v i t h  the o u t c r o p  l i t h o l o g i c  u n i t s ,  The 

Three L i c k  bed w h i c h  shows a c c i q u e  l o g  s i g n a t u r e  ac ross  

t h e  f i e l d  a rea  h a s  a l s o  keen f o u n d  to be e a s i l y  t r aced  i r ,  

outcrop, O t h e r  u n i t s  a r e  n o t  a l w a y s  e a s i l y  d i s t i o s u i s h e d  

i n  c u t c r o p ,  I t  uas p o s s i b l e  t o  o b t a i n  good s a m p l e s  from 

only OTIS well w h i c h  included a gamma-ray log ,  H G U f V F r ,  

a r icarby  well w h i c h  h a d  a qamma-ray l o g  was se l ec t ed  t o  

s t u d y  w i t h  s a m p l t , s  i n  o r d e r  t o  assess c o r r e l a t i o n  probleats .  

1. C n v o n i a n  S h a l e  S t r a t i s r a p h i  

E m p h a s i s  i n  t h i s  s t u d y  i s  on the C l e v e l a n d ,  T h r e e  

l i c k ,  a n d  t h e  Upper ,  M i d d l e ,  acd  lower Huron uoits of 

the O h i o  S h a l e ,  T h e  B e r c a / B e d f o r d  s a n d s t o n e  a n d  shale 

is  i h c l u d e d  where d a t a  p e r m i t t e d  (See T a b l e  1 ) -  A 

c o m p a r i s o n  of n o m e n c l a t u r e  u s e d  f o r  t h e  Ohio Shale, 

t h e  C h a t t a n o o g a  S h a l e ,  a n d  t h e  New Albany  S h a l e  is  

s h o w n  i n  T a b l e  2. For areal delineation of n o m e n c l a t u r e ,  

see F i g u r e  1, 

Provo (1977) a n d  Swager (1978) p r o v i d e  e x t e n s i v e  

r e v i e w s  of t h e  s t r a t i g r a p h i c  descriptions i n  t h e  

l i t e r a t u r e ,  A s s i s t a n c e  i n  i d e n t i f i c a t i o n  of u n i t  t o p s  
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w i l s  given by Ed c i i l so r i  rlcd Z, Z 3 g a r  of t h e  K e n t u c k y  

Geological s u r v e y ;  k'. d t k i t t ,  Jr., cf t h e  U, S, G. So 

; Doug P a t c h e n  of the West V i r g i n i a  Geological  a n d  

Zconcmic Survey; a n d  T. Haqar and E, J e n k i n s  of 

11 

K e n t u c k y - W e s t  V i r g i c i a  Gas. 

2, Cross Sec t iocs  

The l o c a t i o n s  of c ros s  s e c t i o n s  c o n s t r u c t e d  f roHi 

gaEma-ray l o g s  a r e  showr. i n  Figure 17, S ~ E  Figures 18, 19,  

and 20 for t h e  s t r a t i g r a p h i c  cxcss s e c t i o n s ,  The t race  

c h a r a c t e r i s t i c s  of  e a c h  u n i t .  are a p p a r e n t .  High 

n a t u r a l  r a d i o a c t i v i t y  i~ observed i n  t h e  C l e v e l a n d  

w h i c h  is a h i g h l y  o r g a c i c  b l a c k  s h a l e  i n  t h E  n o r t h e r n  

ar.d %?stern p o r t i o c s  o f  t h e  f i e l d ,  T h e  q r a y  s h a d i n g  

r c p r E s e C t s  t h e  h i g h l y  o r q a t i c  b l a c k  i a c i e s .  The  

urishaded C l e v e l a n d  i s  a silty g r a y  s h a l e  w h i c h  appears  

t o  i n t e r t o n g u e  from t h e  e a s t  a n d  s o u t h e a s t ,  It h a s  a 

l o v e r  n a t u r a l  r a d i o a c t i v i t y ,  a n d  less a p p a r e n t  o r g a n i c  

.material ,  The g r a y  f a c i e s  of the C l e v e l a n d  a p p e a r s  

frcm t h e  l o g s - t o  r e s c m b l e  more c l o s e l y  t h e  t y p i c a l  

gray C h a g r i n  S h a l e  (o f  t h e  Ohio S h a l e  i n  Ohio) t o  the 

n o r t h e a s t  of t h e  s t u d y  area .  T h e  C l e v e l a n d  t h i c k e n s  

b y  a f a c t o r  of 5 t o  6 frcm s o u t h w e s t  t o  n o r t h e a s t .  

The T h r e e  L i c k  B e d  c h a r a c t e r i s t i c a l l y  s h o w s  t h r e e  

zones cf low r a d i o a c t i v i t y  t h a t  suggest t h r e e  c y c l e s  of 

d e p o s i t i o n ,  I n  o u t c r o p  t h e  Three L i c k  appears a s  

L 
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green s i l t y  o r  m u d - s h a l c  l a y e r s  i n t e r b e d d s d  w i t h  d a r k  

o r g a z i c  l ayers .  T o  the e a s t  i n  t h e  B i g  S a n d y  Field t h i s  

u n i t  t h i c k e n s  s l i g h t l y  acd shows a more c o m p l e x  r a d i o a c t i v i t y  

y a t t c . r n  s u g g e s t i v e  of z d d i t i c n a l  silty l a y e r s .  T h i s  

u n i t  also becomes l e s s  d i s t i n c t i v e  i n  its r a d i o a c t i v i t y  

s i g n , a t u r e  a s  it is t r a c e d  on logs e a s t w a r d  t o  t h c  edge of 

the f i e l d  a r e a  a n d  wou ld  s u g g e s t  a d d i t i o n a l  s i l t y  l a y e r s .  

The  u p p e r ,  middle, a n d  lower H u r o n  u n i t s  form a 

cyclic a s s e m b l a g e ,  The lower Huron shows the h i g h e s t  

r a d i o a c t i v i t y ,  w i t h  t h e  u p p e r  H u r c n  s e c o n d ,  a n d  t h e  

m i d d l e  Huron showing the lowest  r a d i o a c t i v i t y .  The 

l O W € r  H u r o n  a l s o  shows t h e  g r E a t e s t  l o g  c o m p l e x i t y ,  

Euscjsst i n g  black o r g a n i c  l a y e r s  t h i c l y  i n t e r b e d d e d  

w i t h  s i l t y  l a y e r s ,  I f  the a s s u m p t i o r ,  i s  made t h a t  

n a t u r a l  r a d i o a c t i v i t y  may be e q u a t e d  u i t h  o r g a n i c  

content, t h e  m i d d l e  H u r o n  l o g  s i g n a t u r e  s u g g e s t s  that 

t h e  d c m i n a n t  l i t h o l o g y  i s  a s i l t y  s h a l e  w i t h  less  

o r g a n i c  material ,  EviciEnce f o r  t h e  l a c k  of c o r r e l a t i o n  of 

natural r a d i o a c t i v i t y  w i t h  g a s  c o n t e r i t  of th i?  s h a l e s  h a s  

been shown b y  Ka lyDncu ,  st_ a&. (1979) .  Thus ,  i n  t h e s e  

cross s e c t i o n s ,  i t  s h o u l d  be n o t e d  t h a t  s t r a t i g r a p h i c  u n i t s  

b e i n g  c o r r e l a t e d  a r e  r a d i o a c t i v i t y  s i g n a t u r e s  a n d  n o t  

n e c e s s a r i l y  c o n t i o u o u s  l i t h c l c g i e s ,  l i t h o f a c i e s  

e q u i v a l e n t s ,  or s t r i c t  time u n i t  e q u i v a l e n t s .  

In F i g u r e s  27 acd 2 2 ,  c r c s s  s e c t i o n s  a r e  shown  
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a v a i l a b l a ;  h o w e v e r ,  temperature  log d a t a  uas n o t  a v a i l a b l e  

f o r  a l l  wells, I n  wells w h e r e  n o  gas  is i n d i c a t e d ,  t h e  

olrmission m a y  bc b e c a u s E  of t h o  l a c k  of data .  Gas may o c c u r  

at a n y  l e v e l  i n  t h e  s e q u e n c e  and the g e n e r a l  p r a c t i c e  

is t o  *'shoot** t h e  t r : t i re  s e c t i o x ,  i n  c o m p l e t i o n  p r o c e a u r e s -  

I n  Perry County t e m p e r a t u r e  l c g s  are  noted b y  Ray (1968)  

fo c o n f i r m  t h a t  most of  t h e  g a s  was co rn ing  from t u o  zones: 

t he  u p p e r  Berea/Bedford a n d  the lower "Hot S h a l e "  U n i t  i 0  

t t e  u p p e r  D c v o n i a c  ( lowcr H u K c ~ ) ,  F i g u r e  21  shows t h e  

i r t o r p r e t e d  i n t r i c a t e  i r . t e r t o n g u i n g  of b l a c k  a n d  gray 

s t a l c s  t o  h e  especially well 3 E v e l o F e d  i n  the heart 

of h i g h  productiori i~ F l o y d  County. F i g u r c  2 2  s ~ u u s  

t t c  simpler gamma-ray l o g  sigl;ature a n d  r e l a t i v e l y  

tkiE xcurrecce of  t h e  C l e v e l a n d  a t  t h e  s o u t h w e s t e r n  

e d g e  of t h e  f i e l d .  

I n  a l l  c ross  s e c t i o n s  t h e  r e l a t i v e l y  u n i f m m  

t h i c k n e s s  of t h e  berea/Eedford may be  noted. However ,  

thF signature> c h a n g e s  a c r o s s  the f i e l d  from a 

cha rac t e r i s t i c  sacd s i g n a t u r e  i n  the n o r t h e a s t  t o  that 

of s h a l e  i n  the s o u t h w e s t ,  

The n e x t  seven F i g u r e s ,  23-29 i n c l u s i v e ,  are 

s t r u c t u r a l - s t r a t i g r a p h i c  cross s e c t i o n s  w i t h  a 1:163 

r a t i o  of h o r i z o n t a l  t o  v e r t i c a l  s ca l e  e x a g g e r a t i o n .  

The s teepes t  d i p  5s  a p E r o x i m a t e l y  50 f e E t  t o  t h e  mile. 

The  open star symbols  r e p r e s E n t  g a s  o c c u r r e n c e ;  t h e  

s o l i d  s t a r  s y m b o l s  r e p r e s e n t  knoun  cil c c c u r r e n c e -  
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A g a i n ,  l a c k  of  d a t a  may account for u s l l s  w i t h o u t  

h y d r c c a r h o n s  noted .  Thc g a s  c c c u r s  t h r o u g h o u t  t h e  

s e q u e n c e ,  or, s t r u c t J r a 1  h i g h s ,  lows, a n d  flanks of the 

P a i n t  C r e e k  U p l i f t  w k . i c k  d o m i n a t e s  t h e  s t r u c t u r a l  

c o n f i g u r a t i o n  of t h e  f i e l d .  F i g u r e s  23 a n d  2 4  may 

extend into the Fome T r o u g h ;  Figure 24 shows e v i d e n c e  

of f a u l t s  a t  t h e  F D u t h v c s t e r n  e n d  of t h e  s e c t i o n -  See 

F r o n t i s F i e c e  f o r  3-D modcl of s t r u c t u r a l - s t r a t i g r a p h i c  

s e c t i o n s .  

14 

3. I s o p a c h  H a p s  

F i g u r e  1 6  shows t h c  i s o F a c h  map of the 

Y e r ~ : a / E i ?  d f  ord s a n d s  cone  (af t E 1  P e p p e r ,  Dsmare st, Merrels, 

2 a d . ,  a n d  d c f f i t t ,  J r . ,  1 9 4 6 ) .  The u n i t  becomes a l k o s t  

orAe h u n d r e d  p e r c e r , t  s n a l ~  i n  t h e  u e s t  a n d  s o u t h w e s t ,  

and from gamma-ray  logs appcars  t o  be v e r y  

u t i f o r r u  i n  t h i c k n e s s  ovFr th& f i e l d ,  It is t h e  

l i t h o l o g y  v h i c h  changes a n d  i s  p e r h a p s  what is  

r e f l e c t e d  i n  F i g u r e  16, A l s o  see Pigure  50. 

F i g u r e  3 0  s h o w s  i s o p a c h  k a p s  of t h e  C l e v e l a n d ,  

Three Lick, u p p e r  H u r o n ,  middle Huron, and lower Huron 

from Provo (1977).  A b o u t  250  d a t a  points from 

d r i l l e r s '  l o g s  a n d  gamma-ray l o g s  a re  u t i l i z e d  

b y  Provo i n  t h e  s t u c i y  a rea  shown i n  t h e s e  maps. No 

g r e a t  i m p r o v c m e n t  i n  c o v e r a g e  c o u l d  b e  g a i n e d  by t h e  

a d d i t i o n  of logs a v a i l a h l e  f o r  t h i s  s t u d y .  (See 

l o c a t i o n  o f  a v a i l a b l e  logs u n d e r  l i t h o l o g y  s t u d i o s . )  
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F i g u r e  31 s h o w s  thE i s o p a c h   ma^ of t h e  t o t a l  O h i o  

15 

S h a l e  s e q u e n c e .  The strike of  i s o p a c h o u s  l i n e s  c h a n g e s  

w i t h  time; t h e  total s e c t i o n  shows a b a s i c  N-S t r e n d  in t h e  

s t r i k e  of t h e  i s o p a c h  lines, All u r i t s  t h i c k e n  t o  the 

e a s t ,  b u t  u i t h  v a r y i i i g  r a t e s ,  w i t h  t h e  e x c e p t i o n  of 

t h e  Three L i c k ,  w h i c h  a c t u a l l y  s h o w s  a n  i s o p a c h  

closure.  These rate c h a n g e s  across the f i e l d  will be 

f u r t h e r  d i s c u s s e d  u n d e r  l i t h c l c g y  s t u d i e s  i n  r e l a t i o n  

t o  b e n t  c n i  t e  o c c u r r e n c e .  

4. T h e  B e r e a / E s d f o r d - C l e v e l a n d  B o u n d a r y  P r o b l e m  

I 

As c o n s u l t a t i 3 n s  were keld u i t h  v a r i o u s  

s p e c i a l i s t s  i o  the f i e l d ,  c c n c e x n i n g  the best " p i c k "  

f o r  t h o  t o p  of  t h e  C l e v e l a n d ,  i t  becanla a b u n d a n t l y  

c l e a r  t h a t  t h s r e  i s  zot total a g r e e m e n t  on t h i s  

s u b j e c t ,  e s p e c i a l l y  i n  h r c a s  ~ O e r e  t h e  B e r e a / B e d f o r d  

loses its s i l t y  OX s a n d y  c h a r a c t e r  a n d  becomes s h a l e ,  

o r  i n  cases w h e r e  t h e  C l e v e l a n d  shows a s i l t i e r  

n a t u r e .  S u c h  V o F n  problems  a x e  probably  best d e c i d e d  

on  t h e  b a s i s  of l i t h o l o g y  and r a d i o a c t i v i t y  s t u d i e s ,  

a n d  wherz F o s s i b l e ,  u i t t  ths a d d i t i . c n  of 

b i o s t r a t i g r a p h y ,  

Gamma-ray t o p s  u s e d  i n  t h i s  s t u d y  are i n  a g r e e m e n t  

u i t h  t h e  K e n t u c k y  S u r v e y  (Wilson, 1 9 7 9 ) ,  U.S.G.S. 

( d e  W i t t ,  J r , ,  1978) ,  ar-d Ken tucky-Wes t  V i r g i n i a  Gas 

( I l a g e r  and J e n k i n s ,  1 9 7 7 - 7 9 ) .  

5, F i n e  S t r u c t l r e  i n  Log  F e s p o n s e  of the Huror,  

a n d  C l e v e l a n d  Ucits 
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C h a n g e s  i n  the l o g  s i g n a t u r e  of the C l e v e l a n d  s u g g e s t s  

c c m p l e x  i n t e r t o n g u i n g  of black o r g a n i c  s h a l e s  from the 

n o r t h  a n d  west w i t h  s i l t y  g r a y  s h a l e s  from t h e  e a s t  

a n d  s o u t h e a s t .  This reflects t h e  d e l t a  toe 

s 2 d i m e n  t a t i o n  i n t e r r  up toc l  o r  i n t e r s p e r s e d  u i t h  o r g a n i c  

b l a c k  muds,  F r o b a b l y  l a r g e l y  d E r i v e d  frcm t h e  c r a t o n .  

A s i m i l a r ,  a n d  i n  some c a s e s  more e r ra t i c ,  f i n e  

i n t e r t o n g u i n g  is o b s e r v c d  i n  l o g  s i g n a t u r e  c o m p a r i s o n s  i n  

t h e  lower Huron.  H i g h  r a d i o a c t i v e  zones a r e  sometimes 

n i g h e r  t h a n  i n  t h e  c l e v a l a u d ,  t u t  t h e s e  s p i k e s  are  n o t  a s  

e a s i l i  c o r r e l a t o d  a c r o s s  t h e  f i e l d .  H o w e v e r ,  an  

i l l u m i n a t i n g  s t u d y  w o u l d  be c n e  i n  w h i c h  t h e  

f i E c  gamma-ray  r e s p o n s E  f o r  t h e  lower  I i u r o n  i s  s t u d i e d  

ah6 r s l a t e d  to t h e  o t h e r  parameters, i n c l u d i n g  

I i t h c 1 c 4 y . 
C .  Lithcloyy S t u d i t s  f r c a  Ke11 C u t t i n g s  

1, idel1 Locatioris 

C u t t i n g s  from v e r y  few wells were a v a i l a b l e  for 

s t u d y .  F r e q u e n t l y  i n  t h e  c 2 n t E r  of the f i e l d  c u t t i n g s  

a r e  b l c w n  o u t  of t h e  wells when h i g h  pressure zones 

a r c  e n c o u n t e r e d ,  

F i g u r e  32 s h o u s  the l o c a t i o n s  cf wells from w h i c h  

c u t t i n g s  arcs s t u d i e d ,  A l l  sauFles were from c a b l e  

t o o l - d r i l l e d  wells e x c e p t  well #7289 v h i c h  was d r i l l e d  

b y  r o t a r y .  S m a l l  d o t s  are l o c a t i o n s  for wel l s  from 

which gamma-ray  l o g s  are a v a i l a k l e .  Not a l l ,  however,  

a r c  u s e a b l e  f o r  t h i s  s t u d y .  

S a m p l e s  r e p r e s e n t i c q  d r i l l e r s '  r u n s  v a r i e d  from 

tvo'and o n e - h a l f - f o o t  i n t e r v a l s  t o  as much a s  3 0 - f o o t  



r--  

UGR F i l e  # 2 6 2  
Jane Negus-de Wys 
WU Dept. of  Geology and Geography 
Dec. 1979 

17 

i n t e r v a l s .  The m a j o r i t ]  of s a m ~ l e s  a r e  from 1 0 - f o o t  

i n t e r v a l s ,  F o u r t e e n  uclls a n d  a t o t a l  of a b o u t  600 

samFles u e r e  e x a m i c e d  wet u s i n g  a b i n o c u l a r  microscope 

v i t h  r e f l e c t e d  light u n d e r  1 O X  a n d  30X m a g n i f i c a t i o n .  

2, Cross S t c t i o f i s  

T h e  m u d r o c k  t e r m i n o l o g y  C f  F c l k  (1974)  i s  used. 

See T a b l e  3, Table 4 shows l i t h o l o g y  s y m b o l s  f o r  

cross s e c t i o n s ,  E a r l y  i n  the s t u d y  i t  became a p p a r e n t  

t h a t  t h e  O h i o  Skidle  s3quemce is F r e d o m i n a n t l y  v e r y  

s i l t y  s i l t - s h a l e  i n  some wells,  a l t h o u g h  t h i s  sequence 

is u s u a l l y  referred to e s  *lbxcwn s h a l e s . "  

I n  c o n s t r u c t i n g  cross s e c t i o n s  i t  is deemed 

a d v i s a b l e  t o  use t h c  b a r &  of  t h G  Huron as the d a t u m  

l i n c  b e c a u s e  it is e a s i l y  r c c g c i z e d  and because of 

d i f f i c u l t i e s  i n  corr E l a t i o c  h i g h e r  i n  t h e  s t r a t i g r a p h i c  

s e q u e n c e ,  

Cross s e c t i o n s  A - A ' ,  B-B', C-C', a n d  D-D' are  Shown 

i n  Figures 33 ,  34,  35, and 3 6 .  S e c t i o n  A - A '  ( F i g u r e  

3 3 ) ,  t rom s o u t h v e s t  + o  n o r t h c a s t ,  shous the t h i c k e n i n g  

s e c t i o n  t o  t h e  east, T t e  Berea is 100% s h a l e  i n  the 

s o u t h w e s t  g r a d i n g  into a s i l t E t o n e  w i t h  some s a n d  

g r a i n s  i n  the e a s t  a n d  northeast, Some do lomi t i c  

c e m e n t a t i o n  is o b s e r v e d  i n  t h e  s i l t s t o n e .  I n  t h e  E a s t e r n  

K e n t u c k y  F i e l d  the Ecrea is of n e a r l y  u n i f o r m  t h i c k n e s s  

o v e r  t h e  e n t i r e  area,  b u t  does s h o w  c h a n g i n g  l i t h o l o g y -  

r - .  
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T h e  C l e v e l a n d  F o r u a t i o n  i s  a b l a c k  t o  d a r k  b r o w n ,  a t  

times g r e a s y  l o o k i n g ,  h i g h l y  o r q a n i c  s i l t s t o n e  in the 

s o u t h w e s t ,  It g r a d e s  i r - t o  a b r o w n e r  s i l t - s h a l e  and 

t h e r ,  +,a browo m u d - s h a l c  i~ t h e  c a s t ,  where it 

i n t e r t o n g u e s  i n c r e a s i n g l y  u i t h  g r a y  c l a y - s h a l e  and 

m ud -sha le. 

T h e  T h r e e  Lick i s  d G s i g n a t e d  a s  the "upper banded 

s h a l e "  b y  Swager (1978) a t  t h c  o u t c r o p .  T h i s  b a n d i n g  

of green and g r a y  a n d  h r c w n  shale i s  a l s o  a p p a r e n t  i n  

the well c u t t i n g s ,  xn somE u t s l l s ,  s i l t y  z o n e s  are 

a p p a r e n t .  

The u p p c r  H u z 3 n  is u s u a l l y  a k r o w D ,  h i g h l y  

o r g a r i c  m u d - s h a l e ,  3:ii.t is t h e  "lover black shale u n i t "  

of Swager .  ?he m i d d l e  Furor, is less organic, siltier, 

a n d  f r e q u e n t l y  s h o w s  i c t e r h r s d d i n g  cf g r a y  o r  green 

w i t h  b l a c k  s h a l e ,  The lower Huron is v e r y  highly 

o r g a n i c ,  black t o  d a r k  m u d - s h a l e  a n d  may show some 

i n t e r b e d d i n g .  It breaks i n t o  blocky r a t h e r  t h a r  

p l a t e l i k e  fragments. I n  t h s  c u t c r c p  it a l s o  a p p e a r s  

h l o c k i e r  a n d  less fisssle t h a n  the C l e v e l a n d  o r  other 

H u r o n  u n i t s .  

F c r  c o m p a r i s o n  with the l i t h c l c g i c a l  cross 

sections, similar  scc t iocs  using logs may h e  c o m p a r e d  

(Figures 18, 19,  ar,d 2 0 )  as well as the 

structural-stratigraphic s e c t i o n s  ( F i g u r e s  23-39  

i n c l u s i v e ) .  T h e s e  are not i d e n t i c a l  lines of s e c t i o n ,  
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b e c a u s e  l o g s  a r e  r .a t  a v a i l a b l e  for most of  t h e  wells from 

w h i c h  well c u t t i n g s  art= u s e d .  Ccly one well from 

w h i c h  c u t t i n g s  u e r 2  s t u d i e d ,  c o u l d  a l s o  be s t u d i e d  by 

gamma-ray log. GaniIria-ray 1oqE a r e  o n l y  a v a i l a b l e  

f o r  wells it72E9 a n d  a686.9, neither of w h i c h  c o u l d  be 

c o n s i d e r e d  key l i t h o l o g i c  l o g s .  

I n  cross section A - A *  t h e  c e n t e r  well a p p e a r s  t o  

be l a c k i n g  part  of t h e  lower R u r c n  a n d  shows a m i l k y  

w h i t e  cher t  a n d  l i m e s t o n e  u n i t .  T h i s  is  p r o b a b l y  

I ! u n t e r s v i l l E  C h e r t  ( P a g e r ,  1 5 7 8 ) .  The c h e r t  c o c t i c u e s  

for a p p r o x i m a t e l y  7 5  f e c t  w i t h  a t a n - g r a y  s a n d y ,  

f o s s i l i f e r o u s  limestone a n d  d a r k  brown s u c r o s i c  

dolcmite. S t y l o l i t a s  o c c u r  i n  t h e  l i m e s t c n e .  T h i s  

~ ~ 1 1 ,  l o c a t e d  more c e n t r a l l y  i n  t h e  f i e l d ,  s h o w s  

i c a i c a t i o n s  of f r a c t u r e s  a t  2 9  d i f f e r e n t  h o r i z o n s -  

T h e  l o w E s t  p a r t  of the H u r o n ,  w h i c h  is u s u a l l y  b l a c k  

s h a l e ,  is n o t  present i n  t h e  well a n d  c o u l d  be a 

r , D r m a l  f a u l t  w i t h  75-100 f e e t  d i s p l a c e m e n t  i n  t h e  

t l u ron ,  e l i m i n a t i n g  t h e  lowest  part of t h e  Huron a n d  

h i n g i n g  t h e  H u n t e r s v i l l r  C h e r t  i n  h i g h e r  i n  t h e  

s e c t i o n ,  Such a f a u l t  on t h e  s i d e  o f  t h e  F l o y d  C o u o t y  

Channel  w o u l d  n o t  be  u n r e a s o n a b l e .  O t h e r  p o s s i b i l i t i e s  

are 1) t h e  c o l l e c t i o n  o f  sarcFlfs a n d  2 )  d e t a c h m e n t  

t e c t o n i c s  related t o  the s o u t k e a s t e r c  u F l i f  t. See 

s e c t i o n  on Data A n a l y s i s .  
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The Boyle c h e r t y  l i m e s t c c E ,  o b s e r v e d  to  

o c c u r  i n  scme outcrops l lelou t h e  Neu Albany  S h a l e ,  

a p p e a r s  s i m i l a r  to tho c h e r t y  well c u t t i n g s .  T h e  

r e l a t i c n s h i p  of the E o y l ~  a n d  H u n t e r s v i l l e  is 

presently u n d e r  s t u d  y b y  C o r i k l i r ,  ( K i l s o n ,  1 9 7 9 ) .  

Cross sectior,  E-B’ ( F i g u r e  34) ,  n o r t h - s o u t h  

t h r o u g h  the c e n t e r  o f  the f i e l d ,  shows the t h i c k e r i n g  

of the s e c t i o n  to t h e  s o u t h .  R E d b e d s  occur in the 

n o r t h e r n  two wells, b u t  cot i n  t h e  s o u t h e r n  where t h e  

sections s h o w  more silt, T h e  lrost s o u t h e a s t e r n  well 

appears t o  show r e p e t i t i o n  a n d ,  t h u s ,  may r e p r e s e n t  a 

f a u l t e d  section. Howevcr, +_he  i n c r e a s e d  s l i c k e n s i d e s  

v h i c f i  w o u l d  b e  expected t o  acccopany s u c h  a n  

i r t e r p r e t a t i o n ,  a r c  not  a p p a r e n t  i n  the well c u t t i n g s .  

---------- P r o t o s a l v i n i a  ------- rE!vei??.d ( a  b i f u r c a t e d  form of the 

k ~ r o v n  a l g a )  occurs near t h e  tok ( C l e v e l a n d  F o r m a t i o n )  of 

t h e  S o u t h e r n - m o s t  Knott C o u n t y  well ( P r u t o s a l v i g & g  is n o t  

f o u n d  s u c h  an horizon in o t h e r  wells) and s e c t i o n  r e p e t i t i o n  

a p p e a r s  in t h e  Knott C o u n t y  well, s u g g e s t i n g  thrust 

f a u l t i n g .  A gamma-ray  l o g  frcm a well w i t h i n  2 miles to the 

n o r t h  does n o t  show s i g n a t u r e  a b n o r r r a l i t i e s ,  a n d  thus, 

does n o t  s u b s t a n t i a t e  s u c h  an i n t e r p r e t a t i o n  a t  t h a t  

d i s t a n c e  i n  t h a t  d i r e c t i o n ,  Irotosalvinig-occurrence 

h a s  u s u a l l y  b e e n  reported a s  r e s t r i c t e d  t o  t h e  m i d d l e  

H u r o n  just below t h e  center cf t h a t  u n i t .  Provo 

(1977) a n d  Suage r  (1978)  d o  r eFc r t  c c c u r r e n c e s  f ro& t h e  

T h r e e  L i c k  down t h r o u g h  the lcwsr H u r o n .  O c c u r r e n c e  of forms 
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s u g g e s t i v e  of s u c h  a stratigraphic r a n g e  a r e  a l s o  

f o u n d  i n  t h e s e  c u t t i c g s ;  p u b l i c a t i o n  of s u c h  r e s u l t s  

will a v a i t  f u r t h e r  studj, 

------- T a s m a n i t e s  has  b e ~ r .  d e t e r a i n e d  b y  Jux (1971) t o  

he t h e  spore of a greec  a l g a .  This s p o r e  i s  v e r y  

cammo~i t h r o u g h o u t  t h ~  sequence, b o t h  as  a c a r b o n a c e o u s  

form a s  w e l l  a s  p y r i t i z e d  s p h e r f s .  I t  would a p p e a r  

t h i i t  t h e  s h a l e s  were a veritable a l g a l  soup!  

----- A r c h a e o E t e r i s  ---- i s  a c h a r a c t e r i s t i c  Upper  D e v o n i a n  

p l a n t  r e p r e s e n t e d  b y  15  o r  marc s p e c i e s  and recorded 

21 

from n u m e r o u s  l o c a l i t i e s  in N E U  York, P e n n s y l v a n i a ,  

acd  E a s t e r r !  Canada, f rcu  G r e a t  B r i t a i n ,  I r e l a n d ,  

B e l g i u m ,  Germany,  3r.d U.S-S,Fi, a n d  from h i g h  l a t i t u d e s  

i n  E l l s n c r e  I s l a n d  a n d  DGar I s l a n d  (Andreus, 1 9 6 1 ) -  

Lee n n d  Tsai (1978)  a l s o  repcrt c c c u r e r i c e  i n  C h i n a -  

C e c k  (1  9 6 0 )  a n n o u r ; c c a  t h e  i a r F o r t a n t  d i s c o v e r y  of 

finding a p y r i t i z e d  stem w i t h  ca l l i x&on  uood 

s t ruc ture  b e a r i n g  s e v e r a l  f r a g m e n t s  of l&&g=mg& 

f r o n d s .  T h u s ,  they a r e  one and t h e  same p l a n t .  S p e c i m e n s  

of & q ~ J ~ & n - e x c e e d i n g  f i v e  f e e t  i n  diarncter a r e  reported i n  t h s  

U p p e r  D e v o n i a n  of Oklahoma.  I t  is thus the l a r g e s t  known 

D e v o n i a n  p l a n t .  P e t r i f i e d  u c c d  of Gqllixylon is f o u n d  in the 

Otio S h a l e  outcrop i n  Kentucky i n  s e v e r a l  l o c a l i t i e s  

a r d  is d e s c r i b e d  by McFarlan ( 1 9 4 3 )  i n  d i s c u s s i o n  of 

t h e  Huron Member, T h i s  s u g g e s t s  swamp d e v e l o p m e n t  

w i t h  s i z x i b l c  t s e E  f c r a e  e x i s t e d  not far from t h e  

s t u d y  area.  Such  swamk d e v e l o p m e n t  c o u l d  c o n t r i b u t e  
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the b l a c k  muds from t h ~  c r a t c n  area d u r i n g  p e r i o d s  of 

h i g h e r  r a i n f a l l -  See F i g u r e  37 €or a drawing of 

---- Archaeo-& Woody, v i t r i c i t e  fragments a r e  common 

i n  the g r a y  shales, The source p l a n t s  were n o t  i d e n t i f i e d .  

tloore (1929)  arid T w e n h o f E l  (1939)  p o s t u l a t e d  

n e a r - s h o r e ,  s h a l l o w  w a t e r  e u v i r o n m e n t  a n d ,  i n  t h e  

a b s e n c e  cf e v i d e n c e s  of  wave a c t i o n ,  a c c o r d i n g  t o  Rich 

( 1 9 5 1 ) ,  a r e  forced t o  p o s t u l a t E  c h o k i n g  of the water 

by a q u a t i c  v e g e t a t i o n  t o  s u c h  an e x t e n t  a s  t o  damp o u t  

wave actior, flecause t h e  C a l l i x y l E  logs had not y e t  

b e e n  a s s o c i a t e d  with t h e  Brchewspyjs f e r n - l i k e  

z r o n d s ,  a n d  were t h o u g h t ,  frcp t h e  woody t i s s u e ,  t o  be 

c o c i f c r - l i k e ,  R i c h  (1951)  aryusd t h a t  i f  tha masses of 

a c t i o n ,  i t  would  seem t h a t  they v o u l d  a l s o  h a v e  

p r e v e n t e d  t h e  f l o a t i n g - i n  of the g r e a t  l o g s  of 

C a l l i x _ i o n  which a r e  s o  common i n  c e r t a i n  p a r t s  of the 

shales, P e l a g i c  o r g a n i s m s  s u c h  a s  c e p h a l o p o d s  and  

p t t s O F O d S  a r e  f u r t h e r  o f f e r s d  by Rich a s  e v i d e n c e  of 

d s e p e r  water. However ,  t h e  racdel of marginal  s w a m p s  

p e r i o d i c a l l y  i n u n d a t e d  by marine f l u c t u a t i o n s  c o u l d  

s a t i s f a c t o r i l y  e x p l a i n  t h e  data .  See F i g u r e  37b f o r  

d e p o s i t i o n a l  model ,  a f t e r  T w E E h c f e l  (1939) - 
To quote from floor€ ( 1 9 2 9 )  in d i s c u s s i n g  p r o b a b l e  

c o n d i t i o n s  of f o r m a t i o n  of P e r n s y l v a n i a n  a g e  b l a c k  s h a l e s  

c- - 

r -  
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: l o p e r h a p s  t h e  only d i f f e r s n c c  b e t w e e n  t h e s e  a n d  some 

of t h e  so-called n o r m a l  t y p e s  may b e  r e s t r i c t e d  c i r c u l a t i o n  

d u e  t o  a b u n d a n t  p l a n t  mzt ter ,  or the p r e s e n c e  of a l a r g e  

quantity o f  humous m a t e r i a l s  d c r i v e d  from d r o w n e d  c o a l  

swamps-  *) 

3. L i t h o f a c i e s  n a p s  

Recognizing the s c a r c i t y  cf d a t a  p o i n t s ,  w h i c h  was 

c a u s f d  by l a c k  of a v a i l a b l e  well c u t t i n g s ,  d a t a  were 

c o n t o u r e d ,  T h e  r e s u l t i n c j  lithofacies maps a r e  p r e s e n t e d  

w i t h  f u l l  a w a r e n e s s  of t h e  res t r ic ted d a t a ,  b u t  w i t h  a 

s u < j g e s t i o n  t h a t  the r e s u l t s  a r e  m e a n i n g f u l  w h e n  c o m p a r e d  

w i t h  t h c  o t h e r  d a t a ,  

' In  e x a m i u i n g  the urll c o t t i n g s  t h e  rock t y p e s  a r e  

n o t e d  a n d  d e s c r i b e d ,  occurrence of  Flarit  a n d  a n i m a l  

f r a g m e n t s  are noted, a s  well a s  i n d i c a t i o n s  of 

f r a c t u r e s ,  F r a c t u r e  i n d i c a t c r s  w h i c h  were u s e d  

i n c l u d e :  s l i c k e n s i d e s ,  open f r a c t u r e s ,  f i l l e d  

f r ac tu re s ,  f r a c t u r e  s i d e s  w i t h  a t t a c h e d  s p a r ,  a n d  

s e p a r a t e  s p a r  c r y s t a l s ,  s t y l c l i t e s  o c c u r  i n  the 

l i m e s t o n e  u n i t  i n  t h e  bot tom cf  t h e  c e n t r a l  well 

(Section B-8') w i t h  t h e  H u n t e r s v i l l e  C h e r t .  

F r e q u e n c y  of f r a c t u r e s  bas c o n t o u r e d  ( F i g u r e  38) - 
Eecause of t h e  d i f f e r e n c e s  i n  san;Lle i n t e r v a l s  and the 

i r i h e r s n t  problems i n  t h c  f r a c + u r e  i n d i c a t o r s  ( c a v i n g ,  

s l i c k E n s i d e s  from drilling, etc . )  t h e  author was 

e x t r e m e l y  d u b i o u s  a b o u t  t h i s  a s p e c t  a t  t h e  onset of 
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a p p e a r s  r e a s o n a b l e ,  and d i d  nct r e q u i r e  much 

a l t e r a t i o n  of contour l i n e s  when f r a c t u r e s  from cored 

wells were a d d e d  ( E v a n s ,  1 9 7 9 ) -  Wells were e x a m i n e d  

i n  n c  l o g i c a l  sequence a r d  a c t  c c m p a r e d  until a l l  were 

c o m p l e t e d .  None the le s s ,  a more o b j e c t i v e  and 

replicabls method  of  o b t a i n i n g  f r a c t u r e  f r e q u e n c y  d a t a  

would be desireable ,  

Maps of relative percentages of g r a y ,  b r o w n ,  a n d  

greeri s h a l e  i n  t h e  t o t a l  Ohio s h a l e  s e q u e n c e  s t u d i e d  

( C l e v e l a n d - H u r o n )  a r e  sbowr, i n  F i g u r e s  39, 40, a n d  41- 

?:he i s o p a c h  map of h l a c k  s h a l e  is shoun i n  F i g u r e  42. 

T h e  c o n f i g u r a t i o c  o f  t h c  CGvonian  black s h a l e  

isopdch s h o w n  by Harris,  ? c  k i t t ,  Jr., a n d  C o l t o n  

(1979)  ( F i g u r e ?  4 3 )  s h o u l d  b +  c ~ ~ p a r e d  w i t h  t h e  combiLat ioo  

of t h e  brown s h a l e  acd black s h a l e  cf t h i s  s t u d y  (Figure 

4C a n d  42 ) .  I n  t h e  c o r n p i l a t i c n  of t h e  nrap b y  Harr i s ,  

e t  &, de U i t t  i n c l u d e d  o r q a c i c  b l a c k  a n d  brown 

s h a l e s  together ( F i g u r e  4 3 ) ,  c h e r e a s  the maps i n  t h i s  

s t u d y  s e p a r a t e  t h e  two. 

Percent  s h a l e  cf t o t a l  C h i 0  Shale s e q u e n c e  iS 

r -  . 

I 

r - . 

r -  

shown  i n  Pigure  44  w h i c h  may b e  c c m p a r e d  t o  p e r c e n t  of 

silt a n d  s a n d  i n  F i g u r e  45 ,  Higher s i l t / s a n d  areas  

occur i n  the n o r t h e a s t e r n  s e c t i o n  of t h e  f i e l d  and  a 

p a t c h  s o u t h w e s t  of f i e l d  c e n t e r ,  I f  t h e  s i l t / s a n d  
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p r c e n t a g e  is c o n t r a s t e d ,  F i g u r e  Ll6 r e s u l t s ,  s h o w i n g  

f i n e r  g r a i n E d  c l a s t i c s  t o  T h e  southwest a n d  coarser  

material t o  t h e  n o r z t e a s t .  F e r c e n t  c a r b o n a t e  is shown 

i n  F i g u r e  47, I t  s h o w s  a marked  s i m i l a r i t y  t o  t h e  

i s o p d c h  map of t h e  8'Corr . i foroLct* (McFarlac, 1943) seen 

i n  F i g u r e  48 .  "Cor r i i f e rous"  i n c l u d e s  l i m e s t o n e s  of 

Maysv i l lo  [ U p p e r  O r d o v i c i a n )  t o  Hamilton ( D e v o n i a n )  

f o r m a t i c n s ,  Haa i l toc  underlies N e w  A l b a n y  (Ohio S h a l e  

e q u i v a l e n t ) .  T h u s ,  t h e  s u g g e s t i c n  f r o m  t h e  

* g C o r r . i f e r o u s "  i s o p a c h  map t h a t  a n o r t h e a s t e r n  basin 

in t h e  Fome T r o u g h  cornplEx was i n  e x i s t e n c e  d u r i n g  

" C o r n i f  e ,pousU* depositioc, l E a d s  t o  t h e  c o n c l u s i o n  

t h a t  this n o r t h e a s t e r r  k a s i n ,  l a t e r  known a s  p a r t  

02 the  e a s t e r n  K ~ r . t d c k y  s y n c l i n e ,  may h a v e  b e e n  

d f f i n e d  a s  a d e e p & r  s e g u t r i t  a s  E a r l y  a s  U p p a r  

o r 5 o v i c i a n  (!!aysvi11&) C o m F a r i n g  seairuert 

t h i c k n e s s e s  s u g g e s t s  that i n  early P e n n s y l v a n i a n  time 

this n o r t h e r n  b a s i n  was p a r t i c u l a r l y  well d e v e l o p e d  

( Y c F a r l a n ,  1943)  

Percent  r e d b t d s  of t o t a l  sequence  is shown i I i  F i g u r e  4 9 -  

An a rea  t r e n d i n g  u o r t h e a s t - s o u t h w e s t  a c r o s s  t h e  s t u d y  area 

shows o c c u r r e n c e  of r e d b e d s  w i t h  t h e  h i g h e s t  v a l u e s  t o  t h e  

n o r t h e a s t ,  T h i s  s u g g e s t s  a F o s i t i v e  area d u r i n g  l a t e  

Upper D e v o n i a n  time, or  p r e f e r e c t i a l  c u r r e n t s  
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d e p o s i t i n g  d t t r i t a l  fragments from eastern d e l t a i c  

o r i g i n -  

The r e s u l t s  of v i r y  s c a n t y  d a t a  o n  t h e  

Berea-Bedford show tke u n i t  t c  bE 100% s h a l e  in the 

s o u t h w e s t ,  a n d ,  if t h e  t r e n d  i s  e x t r a p o l a t e d ,  t h e  

50:5C sha1e:sandstone r a t i o  lire w o u l d  r u n  t h r o u g h  t h e  

heart of t h e  y a s  f i e l d ,  T h e  i r o p a c h  map of t h e  

Btrea-Bedford  ( P e p p c r ,  gt &L., 1 9 4 6 )  shows the s a n d  in 

a h i g h l y  c c m p l i c a t e d  p a t c h y  t k i n n i n g  a n d  t h i c k e n i n g  in 

the F l o y d  C o u n t y  area ( F i g u r e  1 6 ) .  (See F i g u r e  50  for 

c r o s s  s e c t i o n , )  From t h G  q a m s a - r a y  l o g s  the  

Bcrea-Ecdford a p p e a r s  t o  be cf xxarly u n i f o r m  

t L i c k n e s s  over t h e  fiali. T h u s ,  the l a t e r a l  c h a r i g e s  

ir. l i t h c l o y y  i n  the cro5.s s g c t i o n  may b e  r e g a r d e d  a s  

f a c i e s  c h a n g c s ,  O t h e r  k o s s i k i l i t i e s  a r e  erosional 

g e n e s i s  a n d  l o c a l  s t r u c t u r a l  a n c n a l i e s ,  The  s m a l l  

scale thins shown i n  the i s o p a c h  map i n  t h e  c e n t r a l  

area o f  t h e  f i e l d  may r e l a t e  t c  growing s t r u c t u r e s -  

D e t a i l e d  s t r u c t u r e  maps on the B i g  L i m e  

( Y i s s i s s i p p i a n )  in t h i s  a r e a  ( F i g u r e  5 7 ,  a f t e r  Hiller 

a c d  W i t h e r s ,  1928, referencod i n  HcFarlan, 1943) show 

s e v e r a l  f i n e  s t r u c t u r e s  s u p e r i m p o s e d  on t h e  n o r t h w e s t  

r e g i o n a l  d i p .  

I 
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4. C o r r e l a t i o n  o f  G a n i E a - E a y  L o g s  w i t h  S a m p l e  S t u d y  

I t  wou ld  h a v e  been i d e a l  t o  USE samples from 

logged wells, b u t  of t h c  s a a F l e d  wells only one gaarua- 

r a y  l o g  was u s e a b l e  o f  tke tuc o b t a i n e d ,  Nearby 

l o g s  were u s e d  when a v a i l a b l e .  

I n  the areas  s i r r o u n d i n g  t h e  c e n t e r  of t h e  

E a s t e r n  K e n t u c k y  F i e l d  a r e a ,  t h e  l i t h o l o g i c  u n i t s  as 

d e s c r i b e d  from s a m p l e s  a r e  ea s i e r  t o  i d e n t i f y  u i t h  

gamma-ray l o g s  of n e a r b y  u e l l s .  However ,  i n  t h e  

c e c t r a l  p a r t  of t h e  f i e l d ,  most of  t h e  p r o d u c t i o n  

occurs i n  t h e  a rea  of maximue lithologic c o m p l e x i t y .  

T h i s  p r o b a b l y  is 1.3t f o r t u i t o u s .  The c o r r e l a t i o n  of 

lithology to n a t u r a l  r a d i o a c i t i v i t y  i n  tnis area  

a p p e a r s  extremely difficult a c d  q u e s t i o n a b l e ,  T h e  

n a t u r a l  r a d i o a c t i v i t y  r-Eea n o t  r e l a t e  d i r e c t l y  t o  h i g h  

o r g a n i c  c o n t e n t ,  s o  t h i z  l a c k  cf c o r r e l a t i o n  i s  n o t  s u r p r i s i n g -  

Scale r e s t r i c t i o n s  and the few number  of  wells s t u d i e d  d i c t a t e  

t h a t  t h e  l i t h o l o g i c  c o m p l e x i t i e s  be g r e a t l y  s i m p l i f i e d  i n  t h e  

figuros, but t h e  i sopac l i  maps sugges t  c o m p l d x  d s - p o s i t i o n a l  

i c t e r t o n g u i u g  of c r a t o c i c - d e r i v c d ,  o r g a n i c  b l a c k  muds  

w i t h  d i s t a l  deltaic si l ts  a n d  c lays .  ( B l a c k  o r g a n i c  

muds a l s o  appear i n  t h e  lower Huron from t h e  east . )  

C. I n o r g a n i c  G e o c h e m i s t r y  S t u d i e s  from X-ray 

F l u o r e s c e n c e  ar,d X-ray  D i f f r a c t i o n  of Well C u t t i n g s  

The same c u t t i r t g s  i r i c l u d e d  i n  l i t h o l o g y  s t u d i e s  were 

L -- 
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u t i l i z e d  i n  q e o c h e m i c a l  a n a l y s e s ,  u i t h  t h e  a d d i t i o n  of one 

well, #1660 ,  From 1935 t o  1 9 t 4  C o l e m a n  Hunter s t u d i e d  t h e  

E a s t e r n  K e n t u c k y  F i e l d  acd f r o m  well c u t t i n g  e x a m i n a t i o n s  h e  

p u b l i s h e d  a v e r a g e  v a l u e s  f o r  q u a r t z ,  p y r i t e ,  k e r o g e n ,  and  

b i t u m i n o u s  mater ia l  ( H u r t e r ,  1 9 6 4 ) -  Haps showing i s o - v a l u e  

lines b a s e d  o n  t h e s e  d a t a  a r e  shown i n  F i g u r e s  5 2 ,  5 3 ,  

5 4 ,  a n d  5 5 ,  From t h E  same s t u d y  Hunter's e s t i m a t e d  

ul t i f f ia te  r e c o v e r y  ~ e r  r c l l  is nhcwn b y  c o u n t y  i n  

F i g u r e  56, T h e  q u a r t z  n;ap shows h i g h  v a l u e s  to the 

east; pyrite is h i g h  in Floyd C o u n t y  a n d  s a y  e x t e n d  

iiortii; k e r o g e n  is h i g h  i n  F l o y d  C o u n t y  a n d  on  t o  t h e  

r . o r t h u E s t ;  b i t u m i c o u s  a a t e r i a l  is h i g h e r  t o  the n o r t h w e s t  

aci! low to t h e  c a s t - s o u t h ~ a s t ;  a n d  t h e  e s t i m a t e d  

recovery c o n t o u r s  show 2x1 e l c r g a t e  o v a l  c o n f i y u r a t i o n  

u i t h  3 n o r t h e a s t - s D u t  h w c s t  a x i s ,  

1, Elements A n a l y z e d  

Elements analyzed i n c l u d ~  fig, A l ,  Si, P, K. C a ,  

Ti, Fn ,  Fe, S, Cu,  2x1, S r ,  a n d  Na, A l l  e l e m e n t s  

e x c e p t  s u l f u r  a r e  a r ~ a l y z ~ d  a s  o x i d e s ,  T h e  r a t i o  of 

t h e  o x i d e s  S i / A l  i s  a l s o  s t u d i e d ,  

T a b l e  5 shoos t h e  e l e u i a t s  a n a l y z e d  w i t h  mioimum, 

maximum, and mean v a l u e s ,  v a r i a n c e ,  a n d  c o e f f i c i e n t  of 

v a r i a n c e .  V a r i a n c e  is t h e  a v e r a g e  c f  t h e  s q u a r e  of 

t h e  d e v i a t i o n s  of the moasureEents  a b o u t  t h e i r  mean; 
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c o e f f i c i e n t  of v a r i a r i c e  i s  t k , E  s t a n d a r d  d e v i a t i o n  ( 

v a r i a n c e )  d i v i d e d  by  i t s  r e l a t e d  mean, a n d  i s  a 

r e l a t i v e  m e a s u r e m e n z  of d e v i a t i o n ,  

A c o m p a r i s o n  3f Si a n d  A 1  o x i d ?  g r a p h s  for t h e  

R e r e a / D e d f o r d  th rougk ,  Huron s E q u e n c e  is shown i n  

F i g u r e  57, T h e  wells arcs a r r a n g e d  from west t o  east- 

F i g u r e  58 shows t h e  S i  o x i d e  g r a p h s  i n  the well 

positions, F i e l d  c r o s s  s e c t i c n s  of t h e  S i - A 1  o x i d e  

ratios a r e  showr,  i n  F i g u r e s  5 9 ,  60 ,  61,  and 62 w i t h  

s t r a t i g r a p h i c  u n i t s  n o t e d ,  L e g e n d  p r e c e e d s  f i g u r e s .  

F i g u r e  58 s h o w s  g r e t i t  c i u i l a r i t y  among wells i n  

f h ~  n o r C h e a s t E r n  p o r t i o r !  o f  t h e  f i e l d  (1155848 $5963, 

a!:d # 5 9 0 3 ) ,  some s i u t i l a r i t y  ir t h e  s o u t h w e s t  (#1678, 

81380, #7272, a n d  # 7 2 8 9 ) ,  a;:d practically xione i n  tile 

cFfit3r ( t 9 6 5 ,  #14F6, a c d  r59CS). I n  t h e  c r o s s  

s e c t i o n s  t h e  4 = a r a t i o  of 4 : l  i n  t h e  S i / A 1  o x i d e  

r a t i o ,  A g a i n ,  t h e  c e n t e r  of t k e  f i e l d  s h o w s  more 

* d i v e r s e  r e l a t i o n s h i p s ,  

2. Computer-drawn r a p s  cf E l e m e n t a l  Data 

From t hese  d a t a ,  c o m p u t e r  maps are r u n  o n  the 

a v E r a g e  v a l u e s  of i c d i v i d u a l  E t r a t i g r a p h i c  u n i t s ,  for 

the t o t a l  s e q u e n c e ,  a n d  for t k e  O h i o  S h a l e .  The map 

f o r  t h e  Si oxide i n  t h e  T h r f e  L i c k  u n i t  is shown i n  

F i g u r e  E3. 

29 

A comparison of c o a p u t e r - d r a w n  map m i n i a t u r e s  i s  

shown i n  F i g u r e  64 for a l l  units f o r  SiL/Al,  A l ,  S i ,  S, 
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Mg, K ,  Fe,  a n d  Ca, T h e  a a r k e s t  s h a d e  i s  t h e  h i g h e s t  

v a l u e ,  t h e  l i g h t e s t  s h a d e  r e p r e s e n t s  the lowest v a l u e .  

A l l  were r u n  w i t h  six l e v e l s ,  n o t  a l w a y s  r e p r e s e n t i n g  

e q u a l  i n c r e m e n t s ,  b e c a u s f  of  r a n g e  d i f f e r e n c e s  i n  da t a .  

The S i / A 1  map s e r i e s  f o r  t h e  s t r a t i g r a p h i c  u n i t s  

a s  well a s  t o t a l  s e q u e n c e  a n d  t o t a l  O h i o  S h a l e  are 

s h o w n  i n  F i g u r e  65, A v e r a g e  v a l u e s  u s e d  f o r  t o t a l  

s e q u e n c e  Kay v a r y  from a n  a v e r a g e  of 25 s a m p l e s  t o  a n  

a v e r a g e  of 75  s a m p l e s ,  d e p e r ' d i n g  o n  t h e  t h i c k u e s s  of 

t h e  well s e q u e n c e  i n v o l v e d ,  

3 .  M i n e r a l s  A n a l y z e d  a n d  P l i n e r a l i c  R a t i o s  S t u d i e d  

Thc 13 minerals a n a l y z e d  are shown i n  Table 6 

with s i m p l e  s t a t i s t i c s  f o r  micera ls  and  m i n e r a l i c  

r a t i o s .  C h e m i c a l  fo rn iu l a s  2 r e  s h o u n  1 x 1  Table 7 a n d  

T a k l e  8 s h o w s  r a t i o  d s f i n i t i c n ~ .  

4. Compute r -d rawn  Haps  c c  F l i n e r a l i c  Rat ios  

C o m p u t e r - d r a w n  n iays  f o r  t h e  m i n e r a l i c  ratios, 

u s i n g  a v e r a g e  v a l u e s  € o r  the tctal s t r a t i g r a p h i c  

s e q u e n c e  a r e  shoun ir; F i g u r e s  6 6 ,  67, 58, 59, and 70.  

The= darkest p r i n t o u t  is  the h i g h e s t  v a l u e  area, t h e  

l i g h t e s t  p r i n t o u t  b e i n g  t h e  l c u e s t .  I n c r e m m t s  a r e  

n o t  a lways  e q u a l  b e c a u s e  of c c n s t r a i n t s  on  c o m p u t e r  

m a p p i n g  of c l o s e l y  s p a c t d  lines. C c m p u t e r  maps were 

rurr a s  a c h e c k  o n  h a n d - c o a t o u r E d  maps. (See A n a l y s i s  

of D a t a  s e c t i o n )  

I -  
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E ,  P r o d u c t i o r t  Studies frcm F i n a l  Open F l o w  Data from 

a p p r o x i m a t e l y  4750 o e l l s -  

The a r e a s  of Upper Devor . i an  Chio Shale g a s  p r o d u c t i o t  

in eastern K e p t u c k y  a r e  shown i n  F i g u r e  71. 

1, Distribution of Data E c i n t s  

T h o  l o c a t i o n s  of t h e  a p p r c x i m a t e l y  4750 wells 

from w h i c h  f i n a l  operI f low d a t a  were s u p p l i e d  by 

Kentucky-West V i r g i n i a  Gas a m  shoun i n  F i g u r e  72. It 

i s  n o t  i n t e n d e d  t h a t  the well n u m b e r s  be legible! 

A d m i t t e d l y ,  t h e r s  i s  some s t r u c t u r e  t o  t h e  d a t a  

d i s t r i b u t i o a ,  h u t  o v G r - a l l  the d e n s i t y  a v e r a g e s  a b o u t  

5 w e l l s / s g u a r e  m i l c .  D e C s i t y  o f  p o i n t s  may go a s  high a s  

20 u c l l s / s q u a r e  mil€, It wss d e c i d e d  a t  t h s  o n s e t  of t h e  

s t u d y ,  becaus~ of a p p a r c n t  c c ~ ~ l e x i t i e s  o f  t h e  f i c l d ,  

to u s e  a l l  Z a t a  o b t a i n c d .  ~ u r i n g  the c o n t o u r i n g  

p r o c e d u r e s ,  by harid ( F i g u r e  73, u s i n g  a l l  4750 p o i n t s )  

a n d  b y  computer  ( F i g u r e  7 4 ,  u s i n g  4138 p o i n t s )  d a t a  

p o i n t s  were re jected b a z a u s e  c f  f a u l t y  l o c a t i o n  o n  

s u p F l i e d ' b a s e  maps,  d o u k l e  w ~ l l  n u m b e r s ,  missing open  

flow d a t a ,  a n d  i l l e g i b l G  data,  

2, Hand C o n t o u r e d  Map ( F i g u r e  73) 

T h e  d a t a  points were sc  d e n s e l y  s p a c e d  t h a t  

l i t t l e  i n t e r p r e t a t i o n  utnt i n t o  h a n d  c o n t o u r i n g  

t h e  data. The r e s u l t i r i q  c o n f i g u r a t i o n s  a r e  

c o n c l u d e d  t o  b e  fairly r e l i 3 b l f ,  i n  terms of 

r e p r e s e n t i n g  t h e  d a t a  u s e d .  

C o n t o u r i n g  uas done  on a b a s e  map a t  a sca le  
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of a p p r o x i m a t e l y  1 : 1 C O , O O 3 .  T h i s  v a s  r e d u c e d  t o  

a s ca l e  of 1:25U8000, A thret-level versiou of f i n a l  

 ope^ f low c o n t o u r s  W ~ S  c o l o r - c o d e d ,  from which  t h e  

d i r e c t i o n a l  trends  d i s c u s s e d  later were m e a s u r e d -  

3, ComFute r -d rawn  Ear ( F i g u r e  7 4 )  - 

Data p o i n t s  were g i v e n  c c c r d i n a t e s  b y  t h e  

c o m p u t e r  d a t a  p r o c e s s i n g  s e c t i c n  of  t h e  West V i r g i n i a  

G e o l o g i c a l  a n d  E c o n o m i c  S u r v e y  u n d e r  t h e  direct ion of 

Y r s ,  Fiary B e h l i n g .  S i x t e e n  c c m p u t e r - d r a w n  map 

s s c t i o n s  were r u n ,  t h e  t o t a l  c c r n p i l a t i o n  s i z e  of which  

was 8 '  x 16 ' .  T h e s e  map s e c t i c n s  were r e d u c e d  a n d  

c o m p i l e d  i n z o  a single a a p  frcm g 'n i ch  F i g u r e  7 4  was 

h a n d - c o F i e d  arid co3.d a t  three levels l i k e  t h e  h a n d  

d r a w n  map. T h e  r e s u l t i n g  c o n t i g u r a t i o n s  terra t o  be 

r e n d e r e d  more o r t h o g o n a l l y  t h a n  t h e  h a n d - c o n t o u r e d  

v e r s i o n  ( F i g u r e  7 3 ) .  I n  t h e  f i z ? a l  computer m a p p i n g  

program used ( A D M I M M A P ) :  1) 2-3 F c i n t s  v e r e  a v e r a g e d ;  

2) t h e r e  was n o  o v e r l a p p i n g  of  map strips; 3 )  areas  

wexe c o n t o u r e d  rather t h a n  b l o c k e d ;  4) p a p e r  was 

reversed t o  e l i m i n a t e  p a t t e r n ;  a n d  5) commenc ing  w i t h  

a v a l u e  of 0, 10 Mficf, i n c r e m e n t s  u s e d  i n  m a p p i n g  were 

0.15, 0.25, 0,258 0,258 0.50, G O S O ,  0-508 01258 0-258 

a n d  5-00 Mlfcf/day. 

A h i s t o g r a m  of t h e  d a t a  (0.00- 2.00) is  showu  i n  

F i g u r e  75. A break is represented b e t w e e n  f r e q u e n c y  

of 800 a n d  2000 because of t t c  t o t a l  l e n g t h  t h a t  

segment w o u l d  have ,  T h e  d a t a  a r e  nct g r a p h e d  p a s t  2-00 

o n  t h i s  scale because of scanty d a t a  o c c u r r e n c e  i n  the 
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>2,00 n n c € / d a y  section, 

A s e c o n d  h i s t o g r a t r  of t h e  da t a  (0.00- 0.225) is 

s h o v n  i n  F i g u r e  76 t o  s h o w  t h e  f i n e r  s t r u c t u r e  of t h e  

f r e q u e n c y  r e p r e s e n t e d  ix: t h a t  i n t e r v a l  of o p e n  flow 

v a l u e s ,  Finally, F i g u r c s  7 7 a  a n d  7 7 b  show a l a r g e  

s c a l e  g r a p h  of a l l  d a t a  u s e d  i n  c o m p u t e r  m a p p i n g .  

Two cross s e c t i o n s  t a k e n  through the 

h a n d - c o n t o  u red  a n d  c o m p u t e r - d r a w n  maps a r e  c o m p a r a d  

(See F i g u r e  105,  D a t a  Analysis s e c t i o n ) .  T h e r e  is 

a g a e r a l  s i m i l a r i t y  b e t w e e n  the t u c  c u r v e s ,  b u t  

s u f f i c i e n t  offset arid  smoothing o c c u r s  t o  suggest 

t h a t  e x p l o r a t i o n  s t u d i e s  s h o u l d  use h a n d -  

c o n t o u r e l  maps r a t h e r  t k a n  CcmFute r -d rawn  maps, 

o r  use a c o m b i n a t i a c  o f  b o t h  t y p e s .  

4. D e n s i t y  of H i g h  O p e n  Flov Wells 

A data s e t  v e r y  s i m i l a r  t o  t h a t  provided to t h e  

a u t h o r  was p r o v i d e d  t o  James G r i f f i t h  of m o b i l e  o i l  

(1976) fo r  a n a l y s i s ,  See F i g u r e  78, I n  t h e  da ta  set 

given G r i f f i t h  the a u t h o r  c c n n e c t e d  a l l  w ~ l l s  with 

v a l u e s  >= - 5  Y # c f / d a y  w h e r e  nct c o n t r a  i n d i c a t e d  

b y  lower open flow v a l u e s .  The r e s u l t i n g  p a t t e r n  1s 

seen i n  F i g u r e  79. 

G r i f f i t h  c o n t o u r e d  the d e n s i t y  of  wells P O . 5  

MPlcf/day per 2 5  s q u a r e  xriilfs a n d  >=1,00 MMcf/day per 

25 q u a r e  miles, T h e  c o n t o u r  v a l u e s  reprEsent  the 

33 

g c . n e r a 1  p a t t e r n  of  g a s  a c c u m u l a t i o n  ( F i g u r e  8 0 )  
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111- ANALYSES OF DATA 

A. Open P l o v  

Abou t  9 0 Z  of eastern K e n t u c k y  g a s  wells a re  

* 'shot* ' ,  9.9% a re  t r c z t e d ,  a n d  0.7% are n a t u r a l  flow 

c o m F l e t i o n s .  M e a s u r e m e n t s  o n  a G  8 h o u r  p e r i o d  f o l l o w i n g  t h e  

s h o o t i n g  o r  uell treat,mer.t a r e  the b a s i s  of t h e  o p e n  

f l o u  d a t a  u s e d .  It i s  n o t  deemed necessary t o  

s s p a r a t e  d a t a  OTI t h e  b a s i s  of t h e  differences i n  well 

c o m p l e t i o n  (JenKins, 1977)  . 
T h r e e  t r e n d  s u r f a c e  analysis programs were r u n  f irst  on 

the entire f i - t l d  a n d  t h e n  on s e c t i o n s  of t h e  f i e l d -  F i g u r e  

81  shows t h e  first d e g r e e  s u r f a c e  t r e n d s  f o r  these 

F r o g r a m s .  

T h e  fourth degzee  s u r f a c E  icr t h e  e n t i r e  field, 

u s i n q  a g r i d  se t  of 417 e q u a l l y  s p a c e d  p o i n t s ,  

p r o d u c e s  F i g u r e  82. T h i s  may be c c m p a r e d  w i t h  t h e  

p l c t s  o f  G r i f f i t h  i n  F i q u r e  80,  w h i c h  show t h e  same 

k a s i c  N E - S W  t r e n d .  

From t h e  h a n d - c o n t o u r e d  o p e n  flow map uith 3 

c o n t o u r  levels, F i g u r e  6 3 ,  t r e n d s  of  h i g h  p r o d u c t i o n  

areas ( F i g u r e  84) and o f  l o u ,  cr n o a - p r o d u c t i o n  areas 

( F i g u r e  85) were t raced.  A l t k o u g h  t h i s  is a 

s u b j 2 c t i v e  p r o c e d u r e ,  t h e  c l c s e  s p a c i n g  of t h e  d a t a  

p o i n t s  used for the c o n t o u r i n g  s u g g e s t s  severe 

r f s t r i c t i o n s  o n  th:E r a s u l t a n t  c o n f i g u r a t i o n s .  T r e n d s  

represent long a x e s  of p a t t e r n s .  The low open f low 

traces are more s u b j e c t i v e  b c c a u s e  of the larger 
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spaces i n v o l v e d .  

P o l a r  p l o t s  of t r e n d  l e n c j t h s  were & l o t t e d  for the 

r- h i g h  ( F i g u r e  86)  a n d  low ( F i g u r e  8 7 )  t r e n d s ,  A c h a n g e  

i n  d i r e c t i o n  is n o t e d  with c h a n g e  i n  l e n g t h  of t r e n d .  

C u m u l a t i v e  p l o t s  of h i g h  a n d  h i g h  p l u s  low are  shown  

i n  P i g u r e  88. Three major d i r e c t i o n s  a r e  r e p e a t G d 1 y  

i' 
i 

a p p a r e n t :  NY-SE, NE-SW, a n d  E-Si. These c o n f i g u r a t i o n s  

rahy be c o m p a r e d  u i t h  the p o l a r  plot from Long (1979) 

of D e v o n i a n  sha l e  composite f r a c t u r e s  from o u t c r o p  

( F i g u r e  8 9 ) .  T h i s  l a t t e r  work shous the NE-SW a u d  

Hm-SZ d i r e c t - i o n s  t o  be d o m i n a n t  i n  f r a c t u r e  t r e n d s  a t  

t h e  outcrop. The E-W d i r e c t i c n  is conspicuously 

a bs en t. . 
E v e n  i n  e a r l y  w r i t i n g s  (Hunter, 1935; Thomas, 

1 9 4 1 ;  Lafferty, 1941 ;  NcFarlar,,  7 9 4 3 ;  a n d  E i l l i n g s l e y ,  

1 9 3 4 )  t h e  gas p r o d u c t i o n  was i n t e r p r e t e d  a s  b e i n g  

d e p e n d e n t  upon  f r a c t u r e  o c c u r r e n c e  (See I n t r o d u c t i o n ) .  

T h u s ,  t h e  t r e n d  traces of h i g h  o p e n  flow 

r- 

r- 

c o n f i g u r a t i o n s  a n d  p o s s i b l y  t hcse  of the low t r e n d s  

(See F i g u r e s  8 4  a n d  85) may h e  r e g a r d e d  a s  p r o b a b l e  

fracture p a t t e r n s .  This m i g h t  further s u g g e s t  t h a t  

the O h i o  S h a l e  sequence i s  d i v e r s e l y  f r a c t u r e d  

35 

t h r o u g h o u t  t h e  f i e l d ,  p r e s e n t i n g  a " f r a c t u r e  facies"  

a s  d e s c r i b e d  by S h u m a k e r  (1977) .  In a series of s t u d i e s  

of n a t u r a l  f r a c t u r c s  i n  cores from H a r t i n ,  P e r r y ,  and  

J o L n s o n  c o u n t i e s ,  E v a n s  (1979) h a s  o b s e r v e d  g r e a t  d i v e r s i t y  

c 
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i L  f r a c t u r e  o r i e n t a t i o n  ir. t h e  s h a l e  s e q u e n c e .  

D i f f e r e n t  l i t h o l o g i e s  may be e x p e c t e d  t o  show a 

d i f f e r i n g  degree of f r a c t u r i n s ,  and therefore ,  p e r c e n t a g e s  

of s i l t  and s a n d  t o  o rga I l i c  black mud s h o u l d  a f f e c t  

t h e  i n t e n s i t y  of f r a c t u r f s  or f r a c t u r e  f r e q u e n c y .  

T h u s ,  t h e  8 1 f r a c t u r e  f a c i e s t l  c o n c e p t  may be e v e n  more 

r e s t r i c t i v e  in terffiz of  a p r e f e r r e d  l i t h o l o g i c  u n i t  

w h i c h  map o r  may n o t  i n  t u r n  r e l a t e  t o  a s t r a t i g r a p h i c  

unit. S u c h  a " f r a c t u r e  faciesl '  could be i n d e p e n d e n t  

of s t r a t i g r a p h y  i o t G r p r e t e d  f rcm n a t u r a l  r a d i o a c t i v i t y -  

W G  vill r e t u r n  t o  this c c n c e p t  i n  c o n s i d e r i n g  the 

A n a l y s i s  o f  L i t h o l o g y  S t u d y  r e s u l t s ,  

T a h l e  9 s h o w s  a c o e p a r i s o n  of 1964 d a t a  a n d  

thf: p r e s e n t  study i n  t s r u s  cf  t o t a l  o p e n  flow, a v e r a g e  

open flow per  ~ € 11, a n d  Etrccnt d r y  ho les .  A v e r a g e  

per well has i n c r e a s e d  t y  2 0  p e r c e n t  a n d  dry holes 

h a v e  decreased by a l n o s t  10 percent. I n  1964 K n o t t  

C o u n t y  s h o w s  t h e  h i g h s s t  numbcr  of wells p r o d u c i n g  

from t h e  D e v c n i a n .  See T a b l e  10, 

YaSed or! 415 M M c f  t o t a l  r e c c v e r y  p e r  well  x 5000 w e l l s  

t h e  es t imated  r e c o v e r y  is a p y r c x i m a t e l y  2 trillion c u b i c  

feet  of g a s  from the D e v o n i a n  L l a c k  s h a l e s  in t h e  f i e l d  

a r e a  f o r  t h a t  number  of wells, 

B. S t r u c t u r e  

T h r e e  m a i n  s t r u c t u r a l  t r e n d s  a r e  a p p a r e r i t ( P i g u r e  1 4  
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a n d  15) : n o r t h - s o u t h ,  esst-west , a n d  n o r t h e a s t -  

s o u t f , v e s t .  Tdblo 1 1  s h o w s  :he f e a t u r e s ,  t r a n d s ,  a n d  

aqes. N o r t h - s o u t h  t r e n 6 s  d c n i n a t e  from P r e c a m b r i a n  

t h r o u g h  f l i s s i s s i p p i a n  time, East-west f e a t u r e s  are a l s o  

p r e v e l a n t .  from P r e c a m h r i a r *  t h r o u g h  M i s s i s s i p p i a n  w i t h  

g r o w t h  i n  t h e  R o n i f  T r o u g h  c o n t i n u i n g  t o  t h e  R e c e n t  time. 

T h e  n o r t h e a s t - s o u t h w e s t  t r e n d  apFea r s  t o  become more 

d o m i n a n t  i n  P e n n s y l v a n i a n  t ime w i t h  d o m a l  s t r u c t u r e s  

(P ik t?  C o u n t y  U p l i f t  a n d  P E r r y  C o u n t y  U p l i f t )  a p p e a r i n g  

p r o b a b l y  i n  M i s s i s s i p p i a n  and  a known i g n e o u s  i n t r u s i o n  

i n  t h e  P e r m i a n ,  w i t h  associated dikes. 

T h e  d e p t h  and c o n t i n u e d  d i s p l a c e m e n t  along a n d  

r e l a t e d  to the Rope T r o u g h  c a s e m e n t  f e a t u r e  i s  b e t t e r  

b r o i i g h t  i n t o  p e r s p e c t i v e  w i t h  a t h r e e  d i m e n s i o n a l  mode l  

b a s E d  o n  Shumaker's ( 1 9 7 7 )  i n t G r p r e t a t i o n  of b a s e m e n t  

structure ( F i y u r e  99). The k a s E m e n t  t r o u g h  i n  t h e  

c o r t h e r n  a r e a  is 1 4 , 0 0 0  feet cr a lmos t  3 miles d e e p  (the 

n o r t h w e s t  corner s h o w i r , g  a d e p t h  of -2000 feet, d e e p e n i n g  

t o  -16,000 f ee t  i n  t h e  n o r t h w f s t ) , .  T h i s  is over four  a n d  

o n e - h a l f  timss t h e  d e p t h  of  tie G r a n d  Canyon  a t - T o r o w e a p ,  

A r i z o n a .  By  the Amm&:rnian a n d  Keller (1979) 

i n t e r p r e t a t i o n  ( F i g u r e  11) t h e  Floyd C o u n t y  C h a n n e l  would 

i n t e r c e p t  the Rome T r o u g h  a t  t h e  same d e p t h .  These 

c r a t o n i c  f e a t u r e s  a n d  s u b s e y u c n t  c h a n g e s  a n d  d e v e l o p m e n t s  

of s t r u c t u r a l  f e a t u r e s  may be e x p e c t e d  t o  a f f e c t  

d e p o s i t i o n a l  c h a r a c t e r i s t i c s  a n d  c o m p l e x i t i e s .  The b l a c k  

s h a l e  i s o p a c h  v a l u e s  a r e  g r e a t e s t  over t h e  F l o y d  C o u n t y  

I 
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C h a n n e l .  T h i s  i s  a&€i.tQ@garca cf c o m p l e x  

i n t e r t o n g u i n g  of t h k  westward p r o g r a d i n g  d e l t a i c  

f a c i e s  w i t h  t h e  o rgar , ic  Icuds. The g e o c h e m i c a l  d a t a  

a l s o  s u g g e s t s  g r e a t e r  marine i n f l u e n c e  c o m i n g  i n  from 

thG s o u t h w e s t  a n d  slightly f r c m  t h e  n o r t h e a s t ;  fresh 

water i n f l u e n c e  is s u g g e s t e d  from t h e  n o r t h ,  west, arid 

e a s t  (See D. G e o c h e m i s t r y ,  F a y e  45)- 

F r a c t u r e s  in b l a c k  s h a l e ,  like c o a l  c l e a t s ,  may 

r e l a t e  t o  s t ress  d i r c c t i o n s  a n d  b a s i n a l  c o n f i g u r a t i o n .  

A l t h o u g h  t h e  Ohio S h a l e  s e q u e c c e  shows a n  o v e r a l l  N-S 

s t r i k e  in i s o p a c h  c o x ~ z o u r s ,  t k e  p r e s e n t  a t t i t u d e  of 

+he b l a c k  shales r e l a t i v e  t o  t h e  F i r e  C l a y  c o a l  

( F i g u r e  91 )  s u g g e s t s  a n o r t h e a s t  t r e n d i n g  l i n e  of 

f l e x u r e  a l o n g  t h e  ~ a s t e r r :  s i d e  of  t h e  e a s t e r n  K e n t u c k y  

s y r i c l i n e .  T h e  l a t s  Paleozoic G p l i f t  i n  t h e  s o u t h e a s t  

h i n g f d  a l o n g  t h i s  l i n e .  T h i s  h i n g e l i r , e  a l s o  p l u n g e d  

s l i g h t l y  a s  i t  is followed n o r t h e a s t w a r d  a n d  

s o u t h w e s t w a r d  on e a c h  s i d e  of  t h e  P a i n t  C r e e k  

U p l i f t ,  d i v i d i n g  t h e  e a s t e r n  K e n t u c k y  s y n c l i n e  into 

t w o  k a s i n a l  a r eas ,  o n e  r o r t h e a s t  a n d  t h e  other 

s o u t h w e s t  of t h e  P a i n t  C r e e k  U F l i f t ,  {Figure 5). 

F r a c t u r e  zones and f a u l t s  c o u l d  be e x p e c t e d  t o  r e l a t e  

t o  t h e s e  movemen t s  a n d  s t r u c t c r e s  i n v o l v e d ,  a n d  t h e  

38 

f r a c t u r e s  a n d  f a u l t s  c o u l d  be e x p e c t e d  t o  he ref lected i n  

p r o d u c t i o n  p a t t e r n s  ( F i g u r e  79), w h i c h  d o  i n d e e d  show: 1) a 

n o r t h e a s t  t r e n d i n g  c u t  cff a n d  s e v e r a l  l i n e a r ,  e a s t ,  

s o u t . h e a s t  r a d i a t i n g  high p r o d u c t i o n  b a n d s  from a 
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c e n t r a l  i n t r i c a t e  p e t t e s - n  over  the nose of t h e  P a i n t  

C r e e k  U p l i f t  ( F i g u r e  9 2  a n d  c o m p u t e r  map, F i g u r e  74). 

N o t G :  A r a d i a t i n g  p a t t e r n  o f  l i n e a m e n t s  i n  the a rea  

of r a d i a t i n y  h i g h  p r o d u c t i o n  trends h a s  b e e n  r e c o g n i z e d  

from L a n d s a t  b y  t h r e e  i n d e p e n d e n t  w c r k e r s  s ince t h e  

c o m p l e t i o n  of t h i s  study ( D o n a h u e ,  1 9 7 9 ) .  

The p a t t e r n ,  uhen v i e w e d  in 3-0 ( F i g u r e s  93  and 

3 4 )  shows t h e  NE-SW t r e c d ,  a s  well a s  some 

of t h 2  c t h e r  p o s s i b l y  r a d i a t i r g  d i r e c t i o n s ,  

A Folar p l o t  D f  s t r u c t u r a l  f e a t u r e s  a n d  t r e n d s  of 

h i g h  o p e n  flow may be s e e n  i n  F i g u r e  95, T h e  

easr-west a n d  n o r t h e a s t - s o u t  E u c s t  d i r F c t i o r L s  appear t o  

skow t h e  g r e a t e s t  c o ~ r e l a t i c n .  

C. S t r a t i g r a p ! .  y - L i  t h o l c g y  

D u r i n g  D e v o c i a r .  t i r u g  t h e  N c r t h  k a i e r i c a n  

c o n t i n e n t a l  p l a t e  was probably s i t u a t e d  s o u t h  of t h e  

e q u a t o r  w i t h  t h e  A p p a l a c h i a n  k l a c k  s h a l e s  being 

deposited a t  a b o u t  s 35 d e q r e E  l a t i t u d e ,  

HzckGl a n d  W i t z ~ ,  197Fr, w i t h  Fermission).  This 

r e c o b s t r u c t i o n  is b a s e d  on c a r b o n a t e s  a n d  l i t h i c  

p a l e o c l i m a t i c  i n d i c a t o r s ,  a n d  appears as the cover of 

t h e  p u b l i c a t i o n  e n t i t l e d  " T h e  D e v o n i a n  System" v h i c h  

r c s u l t e d  from t h e  I n t e r n a t i o n a l  Syrapos ium on  t h e  

D c v o n i a n  i n  1978 i n  B r i s t o l ,  E n g l a n d .  It may be n o t e d  

t h z i .  i n  t h i s  i n t e r p r c t a t i o n  S c u t h  America is v e r y  

n i . a r l y  c o n v e r g e n t  u p o n  t h e  N c r t h  American c o n t i n e n t a l  

( F i g u r e  96;  a f t e r  
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p l i t t c  m a r g i n  i n  c l o s c  i r c x i m i t y  t o  t h e  s t u d y  area.  A 

m o d e l  of i s l a n d - a r c  c o l l i s i o n  i s  f a v o r e d  fo r  Upper 

D e v o n i a n  time, 

Also from H e c k e l  a n 2  RitzE, (7976)  see F i g u r e  97 

u h i c h  shows Upper ,  M i d d l e ,  and Lower D e v o n i a n  

p a l e o g e o g r a p h y .  The s t u d y  a r e a  l o c a t i o n  is n o t e d  i n  

40 

these f i g u r e s  by a r e c t a n g l e ,  

T h e  r o l e  of  p l a t e  i c t e r a c t i c u s  i n  s e d i m e n t a t i o n  

i s  d i s c u s s e d  b y  S l o s s  ar.d S p e e d  ( 1 9 7 4 ) ,  r e l a t e d  t o  

m i  o g e 0s y n c  l i r a  1 a n d  e u y cos y c c  1 i n a  1 sea i me n t a  ti on b y 

Rogers  ( 1 9 7 1 ) ,  a n d  suggested b y  Provo (1977) t o  r e l a t e  

to u n d e r s t a n d i n g  t h e  b l a c k  shale s e d i m e n t a i i o n .  

D i s c u s s i o n  of c a u s a l  a g c n t s  o u t s i d e  t h e  study area  is  

beyond t h e  scope of t h i s  w o r k  c t h e r  t h a n  t o  

a c k n o w l e d g e  t h e  f r a m e w o r k  of &resent c o n c e p t s  into 

w h i c h  this s t u d y  may f i t ,  

I n  s u c h  a f r a m e w o r k  i t  i E  i n t e r e s t i n g  t o  n o t e  t h e  

c h a n g e  i n  rate of b a s i r a l  s u k s i d e n c e  d e d u c e d  from u n i t  

i s o p a c h  maps  r e l a t i v e  to two k e n t c n i t e  layers.  

( F i g u r e  98). T h e  lower b e n t o c i t e  i s  possibly t h e  

T i o g a  E e n t o n i t e  ( b u t  50 f e e t  i n t o  the c h e r t  a n d  l i m e s t o n e )  

a n d  t h e  u ? p e r  is hEre  d e s i g n a t e d  as  t h e  ( 'Big S a n d y "  

B e n t o n i t e ,  

T h e  c h a n g i n g  s t r i k e  of t h e  i s o p a c h  map c o n t o u r s  

( F i g u r e  9 4 )  i s  a l s o  of  i n t e r e s t ,  a n d  appears t o  c h a n g e  

from a n o r t h e a s t e r l y  d i r e c t i c c  t c  n o r t h - s o u t h  t o  

n o r t h u e s t e r l y ,  s u g g e s t i r g  c h a n g e s  i n  basinal 
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c o n f i g u r a t i o n .  

Prom the l i t h o l o g y  studics, F i g u r e  99  shows 

h i s t o g r a m s  of o b s e r v e d  f r a c t u r f s  v e r s u s  l i t h o t y p e s ,  

s t r a t i a r a p h i c  u n i t s ,  s t r u c t u r a  o n  t o p  of O h i o  S h a l e ,  

a n d  t h i c k n e s s  of total s h a l e .  ?he h i g h e s t  degree of 

c o r r e l a t i o n  i s  seen i n  mud-shale  l i t h o l o g y ,  t h e  middle 

H u r o n  u n i t ,  - 1 O C O  t o  - 1 2 5 0 '  (below sea l e v e l )  o n  O h i o  

S h a l e  s t r u c t u r e ,  a n d  a t h i c k n s s s  of 500 t o  6 C O  f ee t  i n  

total s e q u e n c e .  I f  t h e  a r c a l  v a l u e s  of the f r a c t u r e  

o c c u r r e n c e ,  s h a l e  t h i c k x . e s s ,  a n d  s t r u c t u r e  o n  the O h i o  

S h a l e  a r e  supperimposea, F i g u r e  1 0 0  r e s u l t s .  This 

s u g g e s t s  a h i g h  p r i o r i t y  a r e a  (1)  a n d  s e c o r i d  ( 2 )  a n d  

t b i r d  (3)  c k o i c e s  i x i  tcrrrs of a n t i c i p a t e d  h i g h  o p e n  

flow, T h e  o u t l i n e s  of  G r i Z f i t h c s  c o n t o u r s  of d e n s i t y  

of h i g h  p r o d u c i n g  u e l l s  ar t !  shoun f cr  c o m p a r i s o n -  

From s u c h  a c o m p a r i s o n ,  t h e  m u d - s h a l e  l i t h o l o g y  i s  suggested 

a s  t h e  " f r a c t u r e  f a c i e s "  l i t h o t y p e  a n d  t h e  m i d d l e  H u r o n  

U n i t  a s  t h e  s t r a t i g r a p h i c  u n i t  i n  w h i c h  s u c h  a l i t h o t y p e  

is more commori i n  t h ~  f i r l d  area ,  F r a c t u r e  f a c i e s  may b5 

e x p e c t e d  t o  r e l a t e  t o  o ther  u n i t s  i n  o t h e r  a r eas  o r  

s p e c i f i c  locales .  

F r c m  T h o m a s  ( 7 9 5 1 )  a n  i scFach  mag of brown s h a l e  

i n  the F r e s t o n s b u r g  Q u a d r a n g l e ,  w i t h  t h e  d e m a r c a t i o n  

l i n e  hctwesn (0 -1  R N c f  a n d  >0.1 flPlcf open flow, is 

shown i n  F i g u r e  100 .  T L F  t r c n d  cf  t h e  l i n e  is N N E  

aczoss t h e  q u a d r a n g l e ,  ' d i a g o n a l l y  a c r o s s  t h e  400- 

I- 
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500-foot  i s o p a c h s  a f  ''Drowr s ~ . a l e , "  T h i s  t r e n d  

r e l a t e s  c l o s e l y  t o  tkc t r e l i d  c f  c o n t o u r s  of p e r c e n t  

b r o v n  s i l t y  a u d - s h a l e  i r ;  F i q u r e  40, t h e  90% l i n e  b e i n g  

v t r y -  clcse to t h e  a b o v e  m ~ n t i c n e d  d e m a r c a t i o n  l i n e -  

f l oueve r ,  t h e  v a l u e s  f o r  thE p e r c e n t  brown s i l t y  shale 

in F i g u r e  4 0  d r o p  a f f  t c  t h e  s c u t h e a s t ,  u h e r e a s  t h e  

o p e n  flow values iccrease, T h e  highly o r g a n i c  black 

shale i n c r e a s e s  t o  t h e  s o u t h  of the  f i g u r e  i n  q u e s t i o n  

a n d  the si l t  and s a n d  i r , c r e a s e  t o  the e a s t - n o r t h e a s t -  

T h e  10 f r a c t u r e / w e l l  c o n t o u r  i n  F i g u r e  38 c l o s e l y  

p a r a l l e l s  the  demarcation l i n e  a n d  c o u l d  s u g g e s t  a 

f r a c t u r E  f r e q u e c c y  l i m i t  of 1 0  f r a c t u r e s  per w e l l  for 

>= 0.1 E Y c f  oper, f l o , ,  o t t e r  factors b e i n g  s u i t a b l e .  

T h e  i s o p a c h  ar .>uial ics  i n  F i g u r e  1 0 1  show t h i c k n e s s  

arionialies cf  213-30 f 3 e t  i r u ~ c s e d  o n  a b a s i c a l l y  N-S 

s t r i k e ,  These may be a r e s u l t  of e r o s i o n  a t  t h e  t o p  

of t h e  O h i o  s h a l e  o v c r  s t r u c t u r a l  f e a t u r e s ,  o r  

**pending** of b l a c k  s h a l e  d e p o s i t i o n  i I i  d e p r e s i o n s  on 

t h e  € p i c o n t i n e n t a l  s f ~ e l i  t e r r aces  d u r i n g  s e d i m e n t a t i o n  

( B r o w n i n g ,  1935)- There may h a v e  been some k a r s t  d e v e l o p m e n t  

i n  t h e  u n d e r l y i n g  l i m e s t o n e s .  B e c a u s e  p r o d u c t i o n  h a s  n o t  

a p p e a r e d  t o  s h o w  a 1 : l  c o r r e l a t i c n  w i t h  t h e  i n d i v i d u a l  

closures in s t u d i e s  i n  t h e  p a s t  (Thcmas,  1951; 

E i l l i n g s l e y ,  1 9 3 4 ;  I a f f e r t y ,  1941 ;  Hunter, 1935 a n d  

1 9 6 4 ) ,  r a c o v e r y  may ratter be nore c o u t p l e x l y  r e l a t e d  

t o  compactior, fractures w h i c h  a r e  re la ted t o  shale 
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t h i n s  ar;3 t h i c k s ,  silt-sand l a y e r s ,  and  f i r t e  

s t r u c t u r e ,  a n d  t h u s ,  n o t  show a b s o l u t e  c o n s t r a i n t  by 

f i n s  s t r u c t u r a l  an3f f i a l i e s .  A p r e s e n t  s t u d y  

of  d e t a i l F d  s t r u c t u r e  ar.d r E l a t i c n s h i p s  t o  g a s  

o c c u r r e n c e  i s  in p r o g r e s s  ( L ~ E ,  1979) -  

T h e  r o l e  of s t r u c t u r a l  d z v e l o F i e n t  along w i t h  the 

l i t h o l o g i c a l  d i f f e r e n c E s  i s  d i s c u s s e d  u n d e r  s t r u c t u r a l  

d e v e l o G m e n t  i n  t h i s  s e c t i o n  a n d  in Summary a n d  

Cor,c l u  s i o n  s. 

U s i n g  a s t e p v i s E  r e q r e s s i c n  p r o c e d u r e  f o r  

d e p a d o n t  v a r i a b l e s  D1, w h i c h  i s  d e n s i t y  of h i g h  

p r o d u c i c g  wel ls  >=.5 YYcf /day /25  s q u a r e  miles a n d  D2, 

w h i c h  i s  d e n s i t y  of h i g h  p r o d u c i r g  n e l l s  >=1.0 

NMcf/day/25  s q u a r c  milcz axid i n d G p e n d e n t  v a r i a b l e s  

( f r a c t u r G s ,  s t r u c t u r a l  d e p t h  on t o p  of  O h i o  Shale, 

s h a l e  t h i c k n e s s ,  p e r c e n t  s a n d s t o n e / s i l t s t o n e  i n  t o t a l  

s e q u e n c e ,  c a r b o n a t e  p e r c e n t ,  g r e e n  s h a l e  p e r c e n t ,  

o c c u r r e c c e  o f  r e d b e d s ,  b l a c k  s h a l e  t h i c k n e s s ,  brown 

s h a l e  p e r c e n t ,  g r a y  s h a l c  p e r c e n t )  t h e  f o l l o w i n g  

r e l a t i o n s h i p s  were o b s e r v e d :  

1- D1 was b e s t  e x p l a i n e d  by fractures: P p =  83% 

A d d i n g  r edbed  o c c u r r e n c e :  R J  = 9 2 1  No o t h e r  

v a r i a b l s s  met t h e  5% s i g c i f i c a n c e  l e v e l  for e n t r y  i n t o  

t h e  model. - 
2. D 2  was b e s t  e x p l a i n e d  by f r a c t u r e s :  I ? @  = 64% 

A d d i n g  brown s h a l e  X of t o t a l  s e q u e n c e :  .€Is= 92% 
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Adding  s t r u c t u r a l  F o s i t i o I i :  F - =  96% No o t h e r  

44 

v a r i a b l e s  met t h e  5% s i g r i i f i c a n c e  level f o r  e n t r y  i n t o  

t h e  model-  

3, T a b l e  10 s h o w s  the c c r r e l a t i o n  c o e f f i c i e n t s -  

S i g n i f i c a n t  r e l a t i o n s h i p s  a t  t h e  5 %  level are boxed. 

T h u s ,  c o n c l u s i o n s  from t h e  l i t h o l o g y  s t u d i e s  may 

be s u m m a r i z e d  a s  follovs: 

1, T h e  s a m p l e s  s t u d i e d  i n d i c a t e  a s h a l y  

r - -  

_ -  

Berea-Bedford s e q u e n c e  i n  the s o u t h w e s t  of t h e  f i e l d  w i t h  

i n c r e a s i n g  silt  a n d  some sand  t o  t h e  east .  T h e  

t h i c k n e s s  a p p e a r s  fairly u n i f c r m .  

2, T h e  O h i o  S h a l c  s h o w s  a h i g h  s h a l e  c o n t e n t  i n  

t : 7 ~  s o u t h w e s t  w i t h  incrcasing s i l t  a n d  sand to the 

n o r t h e a s t ,  w i t h  a h i g r i  s i l t - s a n d  v a l u e  area t o  t h e  

s o u t h w e s t  of t h e  f i c l d  c E n t e r ,  T h e  c l a s t i c  g r a i n  size 

increases t o  t h e  n s r t h c a s t ,  

3. A h i g h e r  c a r b o n a t e  zcne t r e n d s  n o r t h e a s t -  

s o u t h u e s t ,  f tedbed o c c u r r e n c s  f o l l o w s  t h e  same 

trend, T h i s  may r e p r e s e n t  a h i g h e r  a r e a . d u r i n g  

Upper O h i o  S h a l e  d e p o s i t i o n  t i m e  or a p r e f e r e n t i a l  

c u r r e n t  d i r e c t i o n  b r i n g i n g  i n  d e t r i t a l  redbed  

f r a g m e n t s  a n d  f o l l o w i n g  t h e  i n c i p i e n t  d e v e l o p m e n t  of 

the e a s t e r n  K e n t u c k y  s y n c l i n e .  This area also 

corre lates  w i t h  t h e  t h i c k e s t  a r ea  of t h e  * l C o r o i f e r o u s * '  

l i m a s t o n e ,  w h i c h  s u g g e s t s  e a r l y  b a c i n a l  d e v e l o p m e n t .  
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4, F r a c t u r e s ,  as o b s e r v f d  from well c u t t i n g s  and 

core d a t a ,  a n d  r e l a t E 3  t o  f r e c j u e n c y  of i n d i c a t e d  

h o r i z o n s ,  a p p e a r  t o  b e  most strongly r e l a t e d  to: 

a)  mud s h a l e  l i t h o l o g y ,  b) m i d d l e  Huron 

s t r a t i g r a p h i c  u n i t ,  c) 500-600 f o o t  t h i c k n e s s  of 

total s h a l e ,  a n d  d) - 1 0 0 0 - f o c t  to -1250-foot 

s t r u c t u r a l  p o s i t i o n  on  t o p  of t h e  O h i o  Shale. 

Figure  101 s h o w s  t h e  c o m L a r i s c n  o u t l i n e s  

of a r e a s  u s i n g  t h e s e  correlations, a n d  the 

c o c f i g u r a t i o n s  of G r i f f  i t h ' s  d e n s i t y  of h i g h  p r o d u c i n g  

wells  (>= - 5  MMcf/day/25 s q u a r e  miles and >= 1 . 0  

MMcf/day/25 s q u a r c  miles). A n c n - s u b  j e c t i v e  m e t h o d  of 

f r a c t u r e  i d e n t i f i c a t i o n  is d e s i r a b l e .  However ,  

results from this sr-udy are p r c l r i s i n g  i n  l i e u  of  o t h e r  

rncar.s c f  f r a c t u r e  i e e n t i f i c a t i o n .  

5, T h e  more h i g h l y  fractured well c e n t r a l l y  

l o c a t f d  i n  F l o y d  C o u n t y  may penetrate a normal f a u l t  

of a p p r o x i m a t e l y  75-150 feet cn t h e  vest s i d e  of the 

Floyd C o u n t y  C h a n n e l ,  T h e  O h i o  Shale  a p p e a r s  t o  be 

75-15Q feet s h o r t .  T h e  H U n t e I S v i l l e  Chert underlies 

the O h i o  S h a l e  s e c t i o n .  

6 ,  T h e  K n o t t  C o u n t y  well Bay h a v e  p e n e t r a t e d  a 

shal low m a r g i n  t h r u s t  f a u l t .  

7. P o s i t i v e  i d e n t i f i c a t i c n  of a l l  O h i o  S h a l e  

members i n  c u t t i n g s  is n o t  f e a s i b l e  w i t h o u t  o t h e r  

i n f o r m a t i o n ,  More s t u d i e s  u s i n g  l i t h o l o g y ,  

b i o s t r a t i g r a p h y ,  a c d  r a d i o a c t i v i t y  are n e e d e d  i n  

s u b s u r f a c e  (s imilar t o  S u a g e r ' s  outcrop s t u d i e s )  to 
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be t te r  i n t e r p r e t  t h e  i c f r i c a c i e s  of s h a l e  s t r a t i g r a p h y  

i n  t h e  E a s t e r n  K e n t u c k y  F i e l d .  

Do Geocheniist r y  

C o n f i g u r a t i o r - s  of e l e m e n t a l  F e r c e n t a g e s  a r e  

compared w i t h  d e n s i t y  of h i u h  p r o d u c i n g  wells ( f i g u r e s  

6 4 ,  102, a n d  8 0 ) .  Thost s h o w i n g  s i m i l a r  

c o n f i g u r a t i o n s  ( F i g u r e  6 3  for e x a m p l e ) ,  w h e t h e r  from 

h i g h  c e n t r a l  v a l u e s  or  low, a r e  r e l a t e d  in T a b l e  13 t o  

s t r a t i g r a p h i c  u n i t s .  

E l e m e n t s  s h o v i r i g  g r e a t  s i m i l a r i t y  i n  map 

c o c f i g u r a t i o n  a r e  A l ,  Si, S, P q ,  K ,  Pe, C a r ,  a n d  the 

r a t i o  Si /Al .  

T h e  h i g h o s t  riuciber cf  c o r r e l a t i c n s  i s  related t o  

t h e  lower H u r o n  u n i t ,  f o l i o w r d  closely by t h e  u p p e r  

Huro:]. T h e  G l e m e n t  s h o v i n g  t h e  h i g h e s t  number  of 

c o r r e l a t i o n s  is s u l f u r ,  followed c l o s e l y  by Mg, a n d  

t h e n  by b o t h  A 1  acd t h c  r a t i c  S i / A l .  A l t h o u g h  A 1  a n d  

S i / A l  s h o v e d  t h e s e  h i g h  c o r r e l a t i o n s ,  S i  a l o n e ,  d i d  

not .  

M i n e r a l i c  r a t i o s  were i n t e r F r e t e d  in terms of 

p a l e o e n v i r o n m e n t ,  T h e  K a o l i n i t e / R a c l i n i t e  + I l l i t e  

R a t i o  # l  h a s  b e e n  u s e d  i n  c o a l  r e s e a r c h  (Renton, 1979; 

Negus-deUys  a n d  R e n t o n ,  1 9 7 9 ) -  Based  on t h i s  work the 

r a t i o  of  k a o l i n i t e  t o  i l l i t e  c h a n g e s ,  d e p e n d i n g  upon 

t h e  inferrEd d e p o s i t i o u a l  e n v i r o n m e n t ,  K a o l i n i t e  i s  

a n  i n d i c a t i o o  of f r e s h  water e n v i r o n m e n t s  w h i l e  i l l i t e  

r -  
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becomes  i n c r e a s i c g l y  d c r i c a n t  a s  t h e  e n v i r o n m e n t  

becomes more * * m a r i n e q q  o r  a l k a l i n e ,  I n  t h e  s o u t h e r n  

A p p a l a c h i a n  b a s i n  coals o r  t h e  w e s t e r n  c o a l s ,  

i n t s r p r s t e d  a s  h a v i n g  fresh u a t t r  o r i g i n s  ( l a c u s t r i n e ,  

a l l u v i a l  p l a i n ) ,  k a o l i r . i t e  m a k e s  u p  7 0 %  or more of t h e  

c l a y s .  I n  t h e  n 3 r t h e r E  A p p a l a c h i a n  b a s i n ,  i n t e r p r e t e d  

a s  b e i n g  more t h e  r a t i o  is a b o u t  50:50, 

w h i l e  i n  th-F: I l l i L o i s  b a s i n  whera c o a l s  a c c u m u l a t e d  i n  

a more n m a r i n e * t  i a f  l u e n c e ,  t t e  k a o l i n i t e  r e p r e s e n t s  

about  30-40% of t h e  c l a y s .  T h e  terms * * b r a c k i s h g 8  a n d  

' *mar ine*@ arc- relative terms. The most m a r i n e  

c o ~ d i t i o n s  ucder w k i c ' n  c o a l  c c u l d  b c  p r e s e r v e d  would 

a c t u a l l y  b e  b r a c k i s h  a t  h e s t ,  T h u s ,  the 

K a o l i z i t s / K a o l i n i t e  + l l l i t e  r a t i o  i n  t h i s  s t u d y  is 

n o c i t o r e d  a s  a possible i n d i c a t o r  of m a r i n e  i n f l u e n c e ,  

t h e  s h a l e s  b e i n g  c o n s i d e r e d  t h e  p r o d u c t  of a poorly 

p r e s e r v e d  p e a t  t y p z  o f  e n v i r c n m e n t ,  

The Q u a r t z / Q n a r t z  + P a c l i n i t e  + Chlori te  + I l l i t e  

F a t i o  d 2  i s  b a s i c a l l y  a q u a r t z - c l a y  ratio. T h e  

r e l a t i v e  abur .dance  of q u a r t z  irculd be e x p e c t e d  to 

i n c r e a s e  a s  t h e  c l a s t i c  s o u r c e  is approached ,  i.e.8 

greater p r o x i m i t y  t o  l a n d ,  T h i s  i s  t h e  i n t s r p r e t a i o n  

a p p l i e d  t o  the d a t a .  

T h e  S i d e r i t e / C a l c i t e  + Dolcmite  + S i d e r i t e  R a t i o  

# 3 ,  a g a i n  is b a s 5 d  or; c G a l  s t u d i e s ,  S i d e r i t e  i s  

c o r r e l a t i v e  uith a fresh w a t e r - d o m i n a t e d  e n v i r o n m e n t .  
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r a t i o ,  t h e  s i d e r i t e  o n l y  a p r e a r i n g  a s  a d o m i n a n t  

C d r b O I l a t S  p h a s e  wher, k a o l i n i t e  r e p r e s e n t s  70% o r  more 

Qf t h e  clays, 

T h e  r o l e  of i l i a g e n e s i s  c c u l d  b e  ra ised t o  

c o m p l i c a t e  t h e  p i c t u r e ,  b u t  a t  t h e  p r e s e n t  w r i t i n g ,  it 

was d e c i d e d  t o  u s e  t h o  i L t e r F r e t a t i c n  b a s e d  on c o a l  

studies u n l e s s  c o c f l i c t  was shown w i t h  other  map 

i n t e r p r e t a t i o n s ,  or  a good b a s i s  f o r  c h a n g i n g  

i n t e r p r e t a t i o n  of t h i s  r a t i o  mas r e v e a l e d  (Smosna, 

1 3 7 9 )  . 
T h e  C a l c i t e / C a l c i t e  + C c l c m i t e  Rat io  #4 is t h e  

c l a s s i c  c a r b o r i a t c  r a t i o  w i t h  i n c r e a s e d  dolomite  

z e f  l e c t i n g  n E a r - s h o r t ,  ~ v a p o r a t i v e  e n v i r o n m e n t s .  

The C h l o r i t e / C b l o r i t e  + K a o l i n i t e  Ratio % 5  is 

also i n t e r p r e t e d  01; t h e  b a s i s  cf c o a l  s t u d y  r e s u l t s .  

Based on c o a l  s t u d i e d ,  c h l o r i t e  is a m a r i n e  i n d i c a t o r .  

T h e r e  does seem t o  b e  a v a r i a t i o n  i n  t h e  r e l a t i v e  

abundance of t h e  chlorite a n d  k a c l i r i t e  d e p e n d i n g  upon 

the d e p o s i t i o n a l  g e o c h e m i s t r y ,  T h i s  r a t i o  m o n i t o r s  

t h e  c h l c r i t e  portion of t h e  c l a y  s u i t e .  

rra 

T a b l e  1 2  shows  t h e  b a s i c  i n t e r p r e t a t i o n s  u s e d  i n  

t h e  r n i n e r a l i c  r a t i o  Eaps .  When t h e  h i g h e s t  a n d  lowest 

v a l u e s  of a l l  r a t i o s  a r e  c o m p i l e d  o n  a master map, F i g u r e  

193 results. S t a g e  2 o r  i n t e r p r e t a t i o n  is s h o n n  i n  F i g u r e  



-ane jegus-c.e ~ y s  
KVU Dept. of Geology and Geography 
Dec. 1979 

43 

104. No major c o c f l i c t  is c b z e r v e d  i n  t h e  c o m p i l e d  

i n t e r p r e t a t i o n  map. T h e  n o z t h  c e n t r a l  s e c t i o n  of t h e  s t u d y  

a r ea  ( P a i n t  C r e e k  U p l i f t )  i s  d c z i n a t e d  by the h i g h e s t  f resh  

wate r  i n d i c a t i o n ,  c 3 n - a l k a l i n ~ ,  and  close t o  c l a s t i c  

S o u ~ C ~ ,  with t h e  c lo ses t  t o  c l a s t i c  source v a l u e  

s i t u a t e d  a t  the cen+ral s o u t h c r n  e x t r e m e  of t h i s  area. 

Fresh water areas are i n d i c a t e d  e a s t  a n d  v e s t  i n  the 

v i c i n i t i e s  of the P i k e  C o u n t y  a r d  Perry County 

u p l i f t s .  An a rea  of  m a r i n e  i n f l u e n c e  e x t e n d s  from t h e  

s o u t h w e s t  i n t o  t h e  s t u d y  a r e a ,  w i t h  a slightly m a r i n €  

a r e a  i n d i c a t e d  i n  tttc c o r t h e a s t .  T h i s  t r e n d  may be 

r s l a t 2 d  t o  t h e  e a s t e r n  K e r ~ t u c k y  s y n c l i n e  d e v e l o p m e n t  

( s c e  F i g u r e  2 )  a n c  s h o w s  i n t e r r u F t i o n  of tnis m a r i n e  

t r e n d ,  and p p r h a p s  central b l c c k a g e  of m a r i n e  water; 

s i m i l a r l y ,  t h e  s y r , c l i n e  is i n t e r r u p t e d  by t n e  N - S  

i n t e r r u p t i o n  by t h e  P a i n t  Creek U F l i f t  from t h e  n o r t h .  

T h e  m a r i n e ,  c l a s t i c  s o u r c e  a r e a  j u s t  t o  t h e  

s o u t h w e s t  of t h e  c e n t e r  o f  t h e  f i e l d  is a n  a n o m a l o u s  

c a r b o n a t e  acd  c l a s t i c  a r e a ,  alEc shown i n  t h e  

l i t h o l c g y  s t u d i e s  t o  show t h e  l a r g e s t  number  of 

f r a c t u r e s .  F r a c t u r e  f i l l i n g  p r o b a b l y  c o n t r i b u t e s  t o  

t h e  anomaly, The c e n t e r  of t k e  field h a s  b e e n  shown 

a l s o  i n  t h e  l i t h o l o g y  s t u d i e s  t o  be a n  a rea  of 

i n t c r t o n g u i n g  c o m p l e x i t y  of d i f f e r e n t  s h a l e  t y p e s .  

T h c  green s h a l e  appears t o  b e  e m a n a t i n g  from t h e  

n o r t h e a s t ,  u h i c h  c o u p l e a  w i t h  t h e  g e o c h e m i s t r y  wou ld  
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s u g g e s t  f r e s h  water t r a x , s g o r t .  T h e  brown shales 

a p p e a r  t o  o r i g i n a t e  l a r g e l y  i n  t h e  n o r t h w e s t ,  r e l a t e d  

t h r o u g h  g e o c h s m i s t r y  t o  fresh water  t r a n s p o r t  a n d  

c l a s t i c  s o u r c e ,  T h e  i n d i c a t i o n  of  n e a r - s h o r e  

e v a p o r a t i v e  e E v i r o n m e n t  f o r  the e n t i r e  n o r t h w e s t e r n  

t h r e e - q u a r t e r s  of t h e  a r e a  is s u g g e s t i v e  of very 

shallow water depos i t i o r , ! .  

T h e  s o u t h e a s t  d i r e c t i o n ,  from w h i c h  l a t e r  thrust 

acd u p l i f t  occur, a p p e a r s  n o t  t o  be s t r o n g l y  m a r i n e ,  

b u t  a l s o  n o t  s t r o c g l y  fresh. L a c k  of  d a t a  h a m p e r s  

f u i t  hzr i n t e r p r e t a t i o n .  

Y a r g i n a l  t r e n d s  of computer-maps a r e  

c o m p 1 i t ~ r - r e l a t ~ d  d i s t o r t i o n  a n d  t h e  c e n t r a l  a r e a  i s  

thus inore r e l i a b l e ,  I t  s h c u l d  be m c n t i o n e d  t h a t  t h i s  

is  a n  o n y o i u g  s t u d y ,  i n  b h i c h  1 0 2  maps a n d  160  g r a p h s  

h a v e  b e o n  p r o d u c e d  t o  d a t e .  A p r o p o s a l  h a s  been f u n d e d  

f o r  f u r t h e r  d e f i n i t i v e  i n t e r p r e t a t i c n  a n d  r e g i o n a l  

r e l a t i c n s h i p s ,  

C o n c l u s i o n s  basGd C L  t h e  g e o c h e m i s t r y  s t u d y  t o  

d a t e  i n c l u d e  t h e  following: 

1) e l e m e n t a l  i n o r g a n i c  g e o c h e m i s t r y  shows 

promiso  as a n  e x p l o r a t i o n  t c c l  for f i e l d  d e v e l o p m e n t ,  

2) the S i / A l  r a t i o  o f  o x i d e s ,  A 1  o x i d e ,  S and  Hg 

o x i d e  maps  s h o u  t h e  h i g h e s t  numbEr cf c o r r e l a t i o n s  

w i t h  c o n t o u r e d  d e n s i t i e s  of h i g h  p r c d u c i n g  w e l l s ,  

3 )  t h e  lower Huron  shows t h e  h i g h e s t  number  of 
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c o r r s l a t i o n s  of e l e m e n t a l  d a t a  w i t h  p r o d u c t i o n ;  t h e  

u p p ~ r  H u r o n  is  a close s t c o n d ;  t h e  T h r e e  L i c k  shous 

the l e a s t  c o r r e l a t i o n ,  a n d  

4 )  m i n e r a l i c  r a t i o s  a r e  k e s t  u s e d  f o r  

p a l e c e n v i r  o n m e n t a l  i n t e r  p r e t a t i c n ,  a t  t h e  prs s f i t  s t a g e  

of d a t a  a n a l y s i s .  

S t r a t i g r a p h i c  u n i t  t o p s  need r e f i n e m e n t  from 

l i t h c l o g y  s t u d i e s  arid r a t i o  i n t e r p r e t a t i o n  s h o u l d  be 

f u r t h e r  researched f o r  pore s p e c i f i c  E a l e o e n v i r o n m e n a l  

i m p l i c a t i o n s ,  

E. S p e c u l a t i o n  

It is a l u a y s  t e n ; p t i r , g  a f t e r  a n  i n t e n s i v e  s t u d y  t o  

s p e c u l a t e  o n  p o s i b i l i t i e s  uitb t h e  f r a g m e n t a r y  e v i d e n c c  

a t  h a u d .  Whe:: t h e  s t r u c t u r 2 ,  s t r a t i g r a p h y - l i t h o l o g y ,  

qeochemistry,  ar ,d  open flow d a t a  a r e  a l l  c o m p a r e d ,  

g r a v i t y  tectonics, d r i v c r ,  b y  t h e  u F l i f t  i n  t h e  southeast 

a n d  a b u t t i n g  a g a i n s t  t h e  P a i n t  C r e e k  U p l i f t ,  may e x p l a i n  

a n  a r e a  f o l l o w i n g  closely t h e  b a s e m e n t  Floyd County 

C h a n n e l ,  h a v i n g  1) shorter a n d  more i n t e n s e  f r a c t u r e s ,  

2 )  e a r l y  g a s  n r i g r a t i o n  to t h e  a rea  c f f  the n o s e  of t h e  

P a i n t  Creek U p l i f t ,  3) d i s r u p t i o n  of l i t h o l o g y  p a t t e r n s ,  

4 )  g e o c h e m i c a l  a n o m a l i e s ,  5)  p a t c h y  sands in t h e  

Berea /Eedford ,  4 )  h i g h  Fressnre i n  t h e  center of t h e  

f i e l d ,  7 )  a ghost t h r u s t  p a t t e r n  o n  a c c o r d a n t  s u m m i t  

levels, a n d  8 )  f r a c t u r e  facies more i n t e n s e  i n  t h e  H u r o n  

w n e r f  d c t a c h m c n t  i s  k n o w c  t o  c c c u r .  T h e  N-S t r e n d  i n  

o p e n  flcw t r e n d s  o c c u r s  o n l y  i n  t h e  l o u  o r  

n o n - p r o d u c t i v e  a r e a s  o u t s i d e  t h e  h i g h  o p e n  f l ow area- .  

I -- 
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E a s t e s c  flowing rivers from t h e  c e n t r a l  area off  

t h e  P a i n t  C r e e k  U p l i f t  Z T E .  m e c t i o n e d  i n  older l i t e r a t u r s  

( B i l l i n g s l e y ,  1934)  a s  o c c u r r i n g  in Berea/Bedford time. 

T h i s  may a l s o  a c c o u n t  f o r  n m e a n d e r i n g g q  p a t t e r n s  o f  

h i g h  o p e n  flow of f  the nose cf + h e  P a i n t  Creek U p l i f t ,  

T h e  c o n t e m p o r a r y  r e s i d u a l  ig s i t u  c o m p r e s i o n a l  

Stress i s  oriented E-W ic e a s t e r n  K e n t u c k y  a n d  is s u g g e s t e d  

k y  Syba r  a n d  S y k e s  (1973) t o  b e  related t o  t h e  d r i v i n g  mechan i sm 

cf plate t e c t o n i c s ,  T h i s  i~ s i t u  stress c o u l d  be e x p e c t e d  

t o  a f f e c t  h o t h  t h e  e x i s t i n g  f r a c t u r e  p a t t e r n s  of t h e  b l a c k  

s h a l e ,  a n d  i n d u c e d  p a t t e r n s  c f  f r a c t u r e  a f t e r  o s h o o t i n g g a  

a well. 

IV, SlJPiMAEY Alvn C C l i C L O S I C K S  

r r a d s  i n  the s t r u c t u r a l  s e t t i c g  of the Easterii 

K e o t u c k y  Gas F i e l d  o r i g i n a t e  i n  t h e  P r e c a m b r i a n  v i t h  

14-S, E-W, a n d  NE-SU d i r e c t i o n s .  

B a s e m e n t  t e c t 2 n i c s ,  whatever  the cause,  a p p e a r  t o  

c o n t i c u e  t o  p l a y  a role i n  b a E i n a l  c o n f i g u r a t i o n ,  

t h i n - s k i n n e d  t e c t o n i c s ,  and i n t e r a c t i o n  of s t r u c t u r a l  

d e v e l o F m e n t  t h r o u g h o u t  t h e  P a l e o z o i c  h i s t o r y  of t h e  

f iold, S e d i m e n t a t i o n ,  f a c i e s  r e l a t i o n s h i p s ,  a n d  

f r a c t u r e  d e v e l o p m e n t  i n  t u r n  a r e  affected b y  o n e  or 

more of t h e s e  f a c t o r s ,  T h e  p a t t e r n  was e s t a b l i s h e d  ear ly  

w i t h  t h e  f o r m a t i o n  of the  northeast t r e n d i n g  Rome T r o u g h  

i n  t h e  a rea  of t h e  present-day E a s t e r n  K e n t u c k y  s y n c l i n e .  
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S a s i c a l  s u b s i d 3 n c c ,  d u r i n g  cieposit ion of t h e  O h i o  

S h a l e  s e q u e n c e ,  v a s  p r e c e e d ? d  b y  v c l c a n i c  a s h f a l l s  

( b e n t o n i t e )  d u r i n g  s t v o r z l  i n t e r v a l s ,  T h i c k e r  

shales, s u g g e s t i n g  morc r a p i d  b a s i n a l  s u b s i d e n c e ,  

o c c u r r e d  i n  l o v e r  Huroc time shortly a f t e r  t h e s e  

a s h f a l l s  a n d  aga ic  i n  C l e v e l a n d  time following a n o t h e r  

p a r i o d  cf v o l c a n i c  a s h f a l l s  ( " B i g  S a n d y "  b E n t o n i t e )  . 
T h e s e  t h i c k e r  s E q u t r c e s  are a l s o  b l a c k e r  a s  a r e s u l t  

of h i y h e r  o r g a n i c  c0cter. t .  A n  o b v i o u s  c o r r e l a t i v e  

q u e s t i c n  w o u l d  be the p o s s i b i l i t y  of v o l c a n i c  a c t i v i t y  

p r e c e e d i n g  t h e  u p p e r  Huron b l a c k e r  s h a l e s ,  

T h e  s o u r c e  m a t e r i a l  f o r  t h e  c r g a n i c  b l a c k  s h a l e s  

a p p e a r s  t o  o r i g i n a t e  l a r g e l y  frcm c r a t o n i c  m a r g i n a l  

a r e a s  t o  the r i o r t t  a c d  v e s t  of t h e  f i e l d  a r e a  w h e r e  

it may he p r e s u m t d ,  l a r q c   swan;^ f o r g s t s  of 

------- Archaeogteris ( C a l l i s & g c )  --- e x i s t e d .  These tree-f erns,  

p l a c e d  i n  t h e  s p e c i a l  c l a s s  of P r o g y m n o s p e r m o p s i d a ,  

reached a diameter of more t h a n  f i v e  feet. 

You f a r  i n t o  t h e  i r l a r i d  sea t h e s e  e a r l y  g i a n t s  of 

t h e  D e v c n i a n  swamps v e n + u r e d  is o p e n  t o  c o u j e c t u r e ,  

b u t  they p r o b a b l y  d i d  n o t  g r c u  i n  water d e e p e r  t h a n  

1-2 feet .  T h e  s h a l l D u ,  a n o x i c ,  i n l a n d  s e a u a t e r  was 

t e e m i n g  with g r e e n  a l g a e  ( T a s r n a n i t e E L  and b r o w n  a l g a l  

forms, i-e., P r o t o s a l v i c i a ,  a n d  t h e  b l a c k  s h a l e s  
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s h o w  e v i d e n c e  of at l - .as t  s i x  o t h e r  p l a n t s .  P r e v a i l i u c j  

u i n d s  d u r i n g  t h e  u p p e r  Ltevonian  were from t h e  e a s t ;  

r e l a t e d  t o  p r e s e n t - d a y  g e o g r a p h y  the p r e v a i l i n g  v i u d  

d i r e c t i o n  would  he f r o e  t h e  n c r t h c a s t  of t h e  s t u d y  

a r e a  c o n c e n t r a t i n g  f l o a t i n g  v e g e t a t i o n  i n  t h e  

s o u t h w e s t e r n  p a r t  o f  t h e  b a s i n  a g a i n s t  t h e  c r a t o n i c  

m a r g i n ,  A similar  c o n d i t i o n  F r e s e n t l y  e x i s t s  i n  L a k e  

Erie. 

D e t r i t a l  c l a y s  ar.d silts, frcm t h e  p r o g r a d i c g  

d e l t a s  t o  t h e  e a s t  a n d  c o r t h ,  uere d e y o s i t e d  i n  

c o m p l e x  i n t e r t o n g u i n g  r e l a t i c n s h i p s  w i t h  brown o r g a n i c  

s i l t s  from the n g r t h  a n d  r : o r t t u e s t  a n d  b l a c k  muds from 

t h t ~  R o r t h e r n  a n d  westerr c r a t c c i c  swamplands .  There 

n a y  a l s o  have- befr: c c n t r i b u t i o n s  frcm t h o  s o u t h .  

A s h f a l l s  may h a v e  a c t u d l l y  i n c r e a s e d  p l a r i t  

p r o d u c t i v i t y  after t e m p o r a r y  t a a a g e  o r  d e s t r u c t i o n .  

O r g a n i c  soils were w a s h e d  o f f  the c r a t o n i c  margin i n  

f r e s h  water a l o n g  with fine c l a y s .  E r o s i o n  of s u c h  

s o i l s  would  a l s o  h a v e  t a k e n  F l a c c  a s  t h e  lover Huron  

seas  t r a n s g r e s s e d  t h e  low-lying c r a t o n .  

The P a i n t  Creek U p l i f t  emerged i n  a n o r t h - s o u t h  t r e n d  

i n  t h e  n o r t h w e s t e r n  p a r t  of t l e  s t u d y  a rea ,  d o m i n g  t h e  

O h i o  S h a l e ,  a n d  i n t e r r r u p t i n g  the earlier e s t a b l i s h e d  

synclinal s t r u c t u r e  ( a n c e s t r a l  Rcme Trough) of t h e  

n o r t h e a s t  t r e n d i n g  c a s t c r n  K e n t u c k y  s y n c l i n e .  This u p l i f t  

r 
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d i v i d e d  t h e  s y n c l i c e  i r - t c  a n c r t h e r n  " b a s i n q 1  a n d  a 

s o u t h e r n  " k a s i n " ,  F r a c t u r i n g  cf t h e  O h i o  S h a l e  i n  

r a d i a t i n g  b a n d s  t o  t h e  e a F t  a n d  s o u t h e a s t  p r o b a b l y  

accorni: a n  if: d this st r u c t u  r a l  d s  v e l o p m e c  t. 

U p l i f t  a n d  compr&siorL o r i g i n a t i n g  i n  t h e  s o u t h e a s t  

ir!  p o s t - D e v o n i a n  time, was h i n g e d  a l o n g  the e a s t e r n  

K e n t u c k y  s y n c l i n e ,  and. c , l c v a t f d  the S o u t h e a s t e r n  

t u o - t h i r d s  of t h e  a r e a  t o  fcrlr t h e  s o u t h e a s t e r n  slope 

f l a n k  of t h +  s y n c l i n e .  T h i s  tsctonic movement  r a i s e d  t h e  

Ohio S h a l e  s e q u e n c e  s l i g h t l y  i r i  t h a t  area a n d  v a s  p r o b a b l y  

a c c o m p a n i e d  b y  a s e c o n d  s e r i e s  of f r a c t u r e s  r e l a t e d  t o  

t h c s e  s t r e s s e s  e m a n a t i r g  f rcE s o u t h e a s t  of the s t u a y  area. 

The lowest p o r t i o n  cf t k  sequence ( l o v e r  Huron) m i g h t  b e  

expected to show t h e  r;rEa+cst e f f ~ c t  o f  t e n s i o n a l  

fractures from t h i s  movement ,  

T h i s  u p l i f t  i m p a r t e d  a g r a v i t y  g r a d i e n t  toward t h e  

n o r t h w e s t  s o  t h a t  d z c o l l e m s n t  f e a t u r e s  r e l a t e d  t o  g r a v i t y  

t e c t o n i c s  c o u l d  be a n t i c i p a t e d ,  T h e  l o v e r  Huron S h a l e ,  

t h e  base of  w h i c h  is t h f  z o n e  cf d e t a c h m e n t  in t h e  

s o u t h e a s t ,  c o u l d  be E x p e c t e d  t o  be t h e  s i t e  of g r e a t e s t  

d i s r u p t i o n .  

T h e  most c o m p l e x  i n t e r t c t g u i n g  of l i t h o f a c i e s  

o c c u r s  o v e r  the center of  h i g h  g a s  p r o d u c t i o n ,  u h i c h  

h a s  l o n g  been known t o  b e  a r s c c i a t e d  with f r a c t u r e  

o c c u r r e n c e  a n ?  s i l t i e r  l i t h o l o g y ,  

Cross s e c t i o n s  t h r o u g h  c F e n  f l c v  d a t a  c o m p a r e d  
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w i t h  s t r u c t u r e  show a c lose c c r r a l a t i o n  of h i g h  g a s  

a c c u m u l a t i o n  t o  g e n e r a l  d o L i n g  of t h e  P a i n t  creek 

Uplift. ( F i g u r e  105) .  

On a more l o c a l i z e d  scale, t h e  h i g h  o p e n  flou 
. - * -  

tzcrAds a p p e a r  r z l a t e d  t% -radially o r i e n t e d  b a n d s  of  

higher F r o d u c t i o n ,  focussed on t h e  cose of t h e  P a i c t  

C r e e k  U p l i f t ,  b u t  a l s o  s h o w i n g  smaller s u b t r e n d s ,  

p o s s s i k l y  r e s u l t i n g  f rom i n t c r a c t i o n  of t h e  

s o u t h e a s t e r n  u p l i f t  a r d  1a t ; t r  s o u t h e a s t e r n  a n d  eastarri  

c o n p r e s s i o n a l  fo rces  w i t h  t h e  F a i n t  C r e e k  U p l i f t  ( F i g u r e  92) - 
T h e  p o s t u l a t e d  radiating permcable f r a c t u r e  zones re la ted 

t o  t h e  P a i n t  C r e e k  V p l i f t .  p r o k a b l y  F r o v i d e d  c o n d u i t s  for 

t h e  majcr  p a t t e r n  o f  g a s  a c c u a u l a t i c n  off t h e  nose of t h e  

u p l i f t .  C i r c u l a r  t r e n d s  a r e  a l s o  a p p a r e n t  a r o u c d  this 

nosi;. High p r e s s u r t  zorAes i n  thG shales a r e  p r o b a b l y  

a resu l t  of  the c o m p r e s s i o n a l  and  c c m p a c t i o n a l  

r e l a t i c n s h i p s ,  c o u p l ~ d  w i t h  tte f r a c t u r e  c o n d u i t s  over 

t h e  nose of the P a i n t  Creek Uplift- 

The e a s t e r n  f l d r i k  of t h e  s a s t e r n  K e n t u c k y  s y n c l i n e  

demarcates t h e  m a j o r  a r e a  of h i g h e r  open flow from t h e  

a r e a  of l i t t l e  e c o n o m i c  p r o d u c t i o n  t o  the northwest.  

Gas may h a v e  e s c a p s d  i n  t h i s  l a t t e r  area b e c a u s e  of 

f r a c t u r e s  e x t e n d i n g  t o  the s u r f a c e  and p r o b a b l y  r e l a t e d  

t o  growth of the Rome T r o u g h .  

T h u s ,  the E a s t p r n  K e r i t u c K y  G a s  F i e l d ,  a c o a l e s c e n c e  

of many f i e l d s ,  a p p e a r s  t o  reFresent o v e r a l l  a h i g h l y  

c o m p l e x  s t r u c t u r a l - s t r a t i g r a p h i c  gas t r a p .  
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C e r t a i n  i n o r g a r i i c  qcocneuical e l e m e n t s  a p p e a r  t o  

d e l i n n a t e  g a s  a c c u m u l a t i c n  a n d / o r  s t r u c t u r e ,  a n d  t h u s  

p r o v i d e  d tool f o r  field d e v e l o p m e n t  and  e x p l o r a t i o n .  

( F i g u r e  106) .  M i r i e r a l  r a t i o s  p r e s e n t  a b a s i s  for 

i n t e r p r e t a t i o n  of p a l e o e n v i r c r , m e n t a  1 c o n d i t i o n s ,  which  

i n  t u r n  may prove u s ~ f u l  i n  d e v e l o p m e n t  a n d  e x p l o r a t i o n ,  

The s h a l e  r e s e r v o i r  of t h e  E a s t e r n  K e n t u c k y  F i e l d  

a r e a  a p p e a r s  t o  h a v e  b ~ e r i  d e p o s i t e d  i n  a n  area w h i c h  was 

don i ina tEd  by r e l a t i v e l y  fresh water, m a r g i n a l ,  c r a t o n i c  

swamps, These swamps  were p e r i o d i c a l l y  d e s t r o y e d  and 

the o r g a n i c  d e b r i s  c o n t r i b u t e d  t c  t h e  b l a c k  s h a l e s  

a c c u m u l a t i n g  a t  the  t o t .  of + h E  p r o g r a d i n g  d e l t a  from t h e  

e a s t .  C y c l i c  d e v c l o p r n e c t  of g r a y  a n d  b l a c k  shales on a 

i l G t a i l e d  s c a l e  ( w i t h i n  rrtnlbzrs) a s  well a s  on  a l a r g e r  

s c a l e  ( s t r a t i g r a p h i c  mt.rnbers) i n  t h e  U p p e r  D e v o n i a n  Ohio  

Shale s e q u e n c e  i s  e s p e c i a l l y  a p p a r e n t  i n  the 

n o r t h e a s t e r n  p a r t  of t h e  f i e l d ,  It is e v i d e n c e d  ic 

w i r e l i n e  logs, l i t h o l o g y ,  and g e o c h e m i c a l  g r a p h s ,  T h i s  ' 

r f c o g n i  zeable c y c l i c a  1 s e d i m e n t a t i o n  c o n t i r i u e d  t h r o u g h  

most of t h e  Upper P a l e o z o i c  r E a c h i n g  a c l i m a x  i n  t h e  

P e n n s y l v a n i a n  time whec t h e  sranrF d e v e l o p m e n t  p h a s e  of a 

cycle i s  p r e s e r v e d  a s  c o a l ,  

P o s s i b l y  f u t u r e  f i c l d  d e v e l o F m e n t  c o u l d  b e n e f i t  

from e x F l o r i n g  t r e n d s  r e l a t i n g  t o  t h e  two i n t e r a c t i n g  

s t r u c t u r a l  p a t t e r n s  r e s u l t i n g  frcm t h e  i n t e r s e c t i o c  of 

t h e  P a i n t  C r e e k  U p l i f t  t r e n d  a n d  t h e  s o u t h e a s t e r n  u p l i f t  

t r e n d .  Blocks w i t h i n  t l , ~  Rcme T r o u g h  c o u l d  i n d i v i d u a l l y  
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bs p r o d u c t i v e  because of Kore i n t e n s e  f r a c t u r i n g  alor;g 

r 

t h e i r  m a r g i n s  ( S c h a e f e r ,  1 9 7 9 ) -  P r o d u c t i o n  m i g h t  a l s o  

b e  s o u g h t  from s m a l l c r  s t r u c t c r e s  o f €  t h e  nose of t h e  

P a i n t  C r e e k  U p l i f t ,  b u t  o f  s u f f i c i e n t  s i z e  t o  c a u s e  

c o m p a c t  i o n a l  f r ac tu re s  CI f r a c t u r e s  o r i g i n a t i n g  from 

t e c t o n i c  stress assoc ia t ed  w i t h  the d e v e l o p m e n t  of t h e  

s t r u c t u r e ,  T h e  c o c t e m p o r a r y  2~ situ c o n p r e s s i o n a l  

stress is o r i e n t e d  e a s t - u e s t ,  wh ich  is a l s o  t h e  t r e n d  of 

t h e  1st d e g r e e  s u r f a c e  from t r e n d  s u r f a c e  a n a l y s i s  based  

on opon f low data,  A s t a t i s t i c a l  a d v a n t a g e  i n  o f f s e t  

I 

r 

wtfls from o l d e r  h i g h  p r o d u c i n g  wells c o u l d  be based on 

this e v i d e n c e ,  c l e a r l y ,  f r a c i n g  ( h y d r o f r a c ,  e t c - )  

results s h o u l d  be e x p e c r t - d  to h a v e  s u c h  a p r e f e r e n t i a l  

d i r e c t i o n  a n d  s u c h  i n f o r u d t i o 1 ,  p l u s  l i t h o l o g y  a n d  

f z a c t u r e  f r e q u e n c y  t r a n d s  c o u l d  b e  cf use i n  b i f u r c a t i c g  

( t r i f u r c a t i n g ,  etc, ) i n  d r i l l i n g  wells,  

T h e  s i l t - c l a y  r a t i o s  a p p e a r  t o  p l a y  a n  i m p o r t a n t  

r o l e  i n  d e f i n i n g  t h e  b e s t  F r O d I X t i O n  i n  t h e  f i e l d ,  a n d  

u h e r e  p o s s i b l e ,  fo l1owir .g  these r a t i o s  may e r , h a n c e  

d r i l l i n g  s u c c e s s .  TCo 9 0 %  lice f o r  " p e r c e n t  c l a y  of 

t o t a l  s e q u e n c e "  r u n s  a p p r o x i n i a t e l p  t h r o u g h  the c e n t e r  of 

h i g h  d e n s i t y  of h i g h  opEn  f l o r  v a l u e s .  T h e  50:SO 

s i 1 t : s a n d  r a t i o  p a s s e s  N-S t h r o u g h  t h e  c e n t e r  of h i g h  

p r o d u c t i o n ,  T h e s e  l i n e s  s h o u l d  be u t i l i z e d  i n  

e x p l o r a t i o n .  

The 1 0 / u e l l  f r a c t u r e  f r e q u e n c y  c o n t o u r ,  p a r a l l e l s  
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t h e  g r e a t e r  t h a n  0.1 Y K c f  oi)en flow d e m a r c a t i o n  on t h e  

northwestern m a r g i n  of t h e  f i e l d .  T h i s  i s  p r o b a b l y  n o t  

f o r t u i t o u s  t h a t  s u c k  a nli!iin;lum f r e q u e n c y  of f r a c t u r e  

h o r i z o n s  w i t h i n  a uell r e l a t e s  t c  h i g h e r  o p n  f low.  The 

f r a c t u r e  f r t q u e u c y  p a t t e r n  a l c n e  w o u l d  a l s o  s u g g e s t  

e x t e n d i n g  e r p l o r a t i o L  t o  t h e  s o u t h w e s t .  H o w e v e r ,  

t h i c k n e s s  of o r g a n i c  b l a c k  s h a l e  d i m i c i s h e s  r a p i d l y  i n  

z h a t  d i r e c t i o n  s o  t t a t  v i l l  be a l i m r i t i n g  f a c t o r  to 

exploration i n  t h a t  d i r e c t i o n ,  

T h e  s t r a t i g r a p h i c  n o m e n c l a t u r e  of t h e  O h i o  S h a l e  

p l a c e s  t h e  b l a c k  b i t u m i n o u s  C l ~ v e l a n d  Member a b o v e  t h e  

g r a y  C h a g r i n  Member, w h i c h  i n  t u r n  o v e r l i e s  t h e  b l a c k  

H u r o n  %ember,  w h i c h  i s  v e r y  s i u i l a r  i n  lithology t o  t h e  

Cleveland. T h e  u ~ p e ' r  p o r t i o n  of the O h i o  S h a l e  i s  a 

c o m p l e x  i n t e r t o 2 g u i r i g  of shales frcm p r i m a r i l y  d i f f e r G n t  

S o u r c e  areas:  g r a y s  a n d  greens r e p r e s e n t i n g  f o r  t h e  

most p a r t ,  u p l i f t  a n d  d i s t a l  d e l t a i c  s e d i m e n t a t i o n ,  from 

t h e  e a s t  a n d  n o r t h e a s t ,  and b l a c k  a n d  b r o w n  r e s u l t i n g  

from- e n c r o a c h m e n t  a n d  d c s t r u c t i c n  cf c r a t o n i c  swamp 

margirts by the s h a l l o w  s e a  p r i m a r i l y  from t h e  west a n d  

n o r t h w e s t  w i t h  some a d d i t i o n  frcm the s o u t h e a s t .  As 

s u c h ,  t h e  C l e v e l a n d  a n d  Huron Hembers are  p a r t  of t h e  

same b l a c k  l i t h o f a c i e s  a s  a r E  the g r a y  a n d  g r e e n  

l i t h o f a c i e s  of t h e ,  a g a i n ,  C l c v e l a n d ,  T h r e e  L i c k ,  a n d  
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Huron u n i t s ,  G r a y  silty t o n g u e s  in the C k v v e l a n d  can be 

t r a c e d  eastward toward tho s o u r c e  area where t h e y  

increase i n  t h i c k n e s s ,  a s  can b l a c k  t o n g u e s  u s u a l l y  be 

traced t o v a r d  the cratoi. to t h e  n o r t h  and  west. 

A r e v a m p i n y  of t h e  n o m e n c l a t u r e  i s  t h u s  s u g g e s t e d ,  

b a s e d  on l i t h o f a c i e s ,  source r e l a t i o n s h i p ,  a s  well as 

b i o s t r a t i g r a y h i c  basis, T h e  t r u e  d e p o s i t i o n a l  

r e l a t i o n s h i p s  of this time-transgressive sequence a re  n o t  

r e p r e s e n t e d  i n  the p r s s r n t  c o m e n c l a t u r e ,  A s u i t a b l e  a n d  

a c c e p t a b l e  s o f u t i o f ,  r e p r e s e n t s  a major e n d e a v o r  b y  i t s e l f -  
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V -  SUGGESTEI) FUTUPf P R O B L E M S  FOE STUDY 

O t h e r  p r o b l e m  b e s i d e s  t h a t  cf s t r a t i g r a p h i c  

n o m e n c l a t u r e  raised by the p r e s s n t  s t u d y  i n c l u d e :  

1. S t u d y  of b l a c k  sha le -coa l  a s  a c o n t i n u u m  i n  

p a l e o e n v i r o n m e n t s  i n  terms of s e d i m e n t a t i o n ,  

g e o c h e m i s t r y ,  a n d  e n e r g y  d y n a a i c s  ( F r o p o s a l  i n  

p r e p a r a t i o n ) ,  

2. A n a l y s i s  o f  s t r u c t u r e  u s i n g  4200 + wel ls  

a b o v e  a n d  below t h e  O h i o  S h a l e  s e q u e n c e ,  a n d  r e l a t i o n -  

s h i p s  t o  o p e n  flow d a t a  ( s t u d y  i n  progress),  

3 .  L i t h o t y p e s  i n  the "castern K e n t u c k y  F i e l d  area 

and relationships t o  adjacent a reas  ( p i l o t  s t u d y  On 

7 0 0  t h i n  s e c t i o n s  f u r d e d  arid i n  progress), 

4. D e t a i l e d  production d e c l i n e  s t u d i e s  o n  

segments of t h e  f i e l d ,  a n d  r e l a t i o n s h i p s  t o  other 

p a r a m e t e r s ,  

5 ,  D e t a i l e d  g e o c h e m i c a l  a n a l y s i s  of 

s t r a t i g r a p h i c  u n i t s  a n d  r e l a t i c n s h i p s  t c  n a t u r a l  

r a d i o a c t i v i t y  and  1 i t h G f a c i e s  ( p r o p o s a l  f u n d e d  f o r  

first year  of a 2-year  s t u d y ) ,  

6. R e l a t i o n s h i p s  c f  g e c l o q i c a l  d e v e l o p m e n t  of 

t h e  Eastern K e n t u c k y  Gas F i e l d  t o  c o n t i n e n t a l  p l a t e  

c o l l i s i o n s  a n d  s u b d u c t i o n ,  

7 ,  R e l a t i o n s h i p s  o f  b e n t o n i t e  occurrence t o  

b a s i n a l  c o c f i g u r a t i o n  a n d  s e d i m e n t a t i o n ;  i s  there 

another b e n t o n i t e  zone b e n e a t h  t h e  upper  Huron  b l a c k  

s h a l e ;  w h a t  effects d i d  b e n t c c i t e  h a v e  on p l a n t s  on 
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l a n d  a n d  sea,  

8. What D e v o n i a n  p l a n t s  c o n t r i b u t e d  t o  g a s  

f o r m a t i c n ,  t h e i r  h a b i t a t ,  e v c l u t i c n ,  etc. ,  

9. Into u h a t  d e p t h ( s )  of water d i d  t h e  U p p e r  

D p v o n i a n  b l a c k  s h a l i z s  s e t t l e  a n d  w h a t  was their 

t r a n s F o r t  h i s t o r y ,  

10, How does the  u r a n i u r c  c o n t e n t  c h a n g e  ac ross  

tkLe f i e l d ;  w h a t  is t h e  r e l a t i c n s h i p  t o  o r g a n i c s ;  u h a t  

a m o u n t  cf g o l d  e x i s r s  i r .  + h e  s h a l e s ,  

11, c o u l d  e l e E e n t a 1  qEoches is t ry  o n  a f i n e r  

s c a l e  b e  u s e f u l  ir, e x p l o r a t i c n ;  c o u l d  i t  b e  u s e d  i n  a 

m o b i l e  u n i t  ( u n d e r  s t u d y )  , 
12. A s s u m i n g  g a s  Is p r c d c c e d  from f r a c t u r e s ,  

u h a t  o t h s r  m e t h o d s  c o u l d  be U E E ~  f o r  detect ior i :  g a s  

* s n o o p e r s e  (U. S. Arrriy E q u i p n l e n t ) ,  i n f r a - r s d ,  p l a n t  

c h a n g e s ,  low a l t i t u d s  a i r  s u r v e y s ,  shal low seismic 

( u n d e r  study) ; w o u l d  l i c h e n s  te s u b j e c t  t o  g a s  

e m a n a t i o n s  a n d ,  thus b e  n a t u r a l  f r a c t u r e  i n d i c a t o r s ,  

14.  I n s t e a d  of c r y o g e n i c s ,  w h y  riot "hot" wells, 

where a h e a t  s o u r c e  (or d i f f e r e n t i a l )  is u s e d  to 

e n c o u r a g e  g a s  re lease from s h a l e s ,  

15. A more r e g i o n a l  t i e - i n  of present s t u d y  w i t h  

s u r r o u n d i n g  a r eas  ( s t u d y  i n i t i a t e d ) ,  

16. S t u d y  t be  t r u e  r a n g €  v e r t i c a l l y  and h o r i z o n t a l l y  

of W q t p s a l v i n i a ,  aEd p o s s i b l e  s i g n i f i c a n c e  of its 

res t r ic ted  zones, 
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17. Where a r e  t h e  " z i l l i c n s l l  cf spores 

(homosporous a n d  h e t e r o E p o r o u s )  t h a t  t h e  large t r e e - f e r n ,  

A L c h a e o P t e r i s ,  m u s t  h a v e  p r o d u c e d ,  

78, Are fish f 0 u r . d  i n  O h i o  b l a c k  s h a l e  i n  t h e  

state of K e n t u c k y  a s  t h e y  a r e  i n  O h i o  b l a c k  shale in 

t h e  s t a t e  of O h i o ;  i f  not, why n c t ,  

19. What i s  t h e  s t r a t i g r a p h i c  r e l a t i o n s h i p  of 

th& Eoyle to t h e  H u n t e r s v i l l e ,  

20, Are t h e r e  o t h e r  b e n t c n i t i e s  in t h e  O h i o  Shale 

s e q u t t n c e  a n d  w h e r e  a r e  the scuxce v c l c a n o e s ;  what k i c d  

of em is s i o n s ,  

2 1, Are t h e r e  unrccoycized  e r o s i o n a l  h o r i z o n s  vithir, 

t h e  s h a l e s ,  

22, What a r c  the current d i r e c t i o n s  f o r  g r a y ,  greer,, 

black, and brown s h a l e s ;  w h a t  axe t h e  d i f f e r e n c e s  in e a c h  

member of t h e  O h i o  S h a l e  sequence, 

23.  C o u l d  t h s  black shale be p r i m a r i l y  e r o d e d  soil from 

t h e  c r a t o n  (as  s u g g e s t e d  a s  cne F o s s i b i 3 . i t y  i n  this payer ) ,  

24, H o w  e x t e n s i v e  is c h a n n e l l i n g  i n  t h e  b l a c k  s h a l e s  

; what are the d i r e c t i o n s  a n d  l o c a t i o u s  of c h a n n e l s ,  

25. A c o m p l e t e  mica s t u d y  a l o n g  with other mineral 

c o n t a m i n a n t s  i n  t h e  lithology; p o s s i b i l i t y  of igneous 

i n t r u s i o n s  i n  t h e  f i e l d  area, 

26. Is there a rEcognizeakle Forosity d i f f e r e n c e  

( w h i c h  Ray b e  the r e s u l t  of t f r  s i l t  o r  s a n d  c o n t e n t )  r e l a t e d  
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t o  t h e  demarcatioz cf g r e a t e r  t h a n  0.1 MMcf p e r  d a y  open 

flow, a n d  t h a t  can b e  determined frcm w i r e l i n e  logs i n  

c o m b i n a t i o n  ( d e n s i t y  l o g s ,  r a d i o a c t i v i t y ,  e t c . )  8 

27, I n v e s t i g a t e  D e v o n i a n  c y c l i c  s e d i m e n t a t i o n  a s  a 

p r G c u r s o r  t o  Carbouifsrcus c o a l  s w a m p s  ( a s  s u g g e s t e d  in 

t h i s  paper);  c a u s e s  comEorL t o  b o t h ,  

28. T i d a l  d i f f e r e c c e s  i n  t h e  Upper Devonian a n d  

p o s s i b l e  e f f e c t s  on s e d i m e n t a t i o n ,  i n c l u d i n g  d e l t a s ,  

apd  

29, C o u l d  g r a v i t y  t e c t o n i c s  d r i v e n  by t h e  

s o u t h c a s t e r n  u p l i f t  be t h c  b a s i c  cause, i n  a n  area 

f o l l o w i n g  t h e  F l o y d  County C h a n n e l ,  for :  1)  i n c r e a s e d  

ar.6 s h o r t e r  f r a c t u r E - s ,  2 )  e a r l y  g a s  m i g r a t i o n  t o  the 

a r F a  o f f  t h o  P a i n t  C r e G k  Uplift c c s e ,  3 )  d i s r u p t i o n  of 

l i t h o l o q y  patterns, 4 )  g e o c h e n i c a l  a n o m a l i e s ,  p r o b l e m s  

ir. l c g  c o r r e l a t i o n ,  5 )  p a t c h y  s a n d s  i n  t h e  

Berea/Bedford,  6 )  h i g h  p r e s s u r e  i n  t h e  c e n t e r  of the 

f i e l d ,  7 )  " t h r u s t "  p a t t e r n  o n  accordant s u m m i t  levels, 

a n d  Fi) f r a c t u r e  fhc ies  acre  i n t e n s e  i n  the Huron where 

d e t a c h m e n t  i s  known t o  o c c u r .  

r -  
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Sedford-Berea Sequence 

Cleveland Shale 
200 API units 
Brownish-black, organic-rich shale with 
phosphate nodules near top. 

I 
rhree Lick Bed 
3-4 closely spaced negative deviations 
(less than 200 API units) on gamma 
ray curve 
I nterbedded brownish- black and green is h 
gray shales or mudstones (Provo, 1977). 
Limestone with cone-in-cone may be present. 

Partial 

Shale 

valent 

Chagrin 

Equi- 

Llpper Member 
100-200 API units; massive brownish-black shale 

Brownish-black and gra shales 
interbedded in lower ha r 1; 
Profoss/w/nb found in outcrop 
and core. Slightly less 
radioactive than Upper Huron Shale. 

Middle Member 

Brownish black, organic-rich 
shale with 1-4 thin zones of 
greenish gray to gray. 200 API units; 
1-4 thin zones of lesser radioactivity. 

Lower Member 

66. 

- 

0 
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I 
0 
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E 

Table 2. Stratigraphic Units Studied with General Gamma Ray Log 
Characteristics (Provo 1977) and Lithology. 
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LITHOLOGY SYMBOLS 

Sandstone y Plant Fragments 
Sil tstone P Protosalvinia? 
Redbeds T Tasmanites 
Limestone Slickensides 
Dolomite f Fractures 

Pyrite S Spar 
Spicules? g Gouge 
Pseudo-ooli tes U Microspores 
Bedding 
Missing Sample 
Shales 
B- Black BR-Brown 
G-Gray GR-Green 

Table 4. Lithology Symbols for Cross Sections.  
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SIMPLE STATISTICS FOR MINERAL DATA 
I 

r -  

r 

I 

VARIULE 

ILLITE 

CHLORITE 

QUARTZ 

KAOLlNlTE 

SZOMOLNOKITE 

CALCITE 

ORTHOCLASE 

ANHYDRITE 

PLAGIOCLASE 

BASSANITE 

DOLOMITE 

SIDERITE 

PYRITE 

RATIO 1 

RATIO 2 

RATIO 3 

RATIO 4 

RATIO 5 

Porcont Total Intogatod Intonslty' 

Mlnlmum 

0.0 

0.0 

4.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.4 

0.0 

0.0 

0.0 

Moxlmum 

91.4 

1.9 

83.3 

13.0 

2.2 

68.9 

2.0 

1.1 

2.7 

4.0 

70.5 

17.5 

13.1 

100.0 

100.0 

100.0 

100.0 

5.5 

M O M  

52.3 

0.7 

33.7 

0.5 

0.0 

1.3 

0.0 

0.1 

0.9 

1.9 

1.7 

2.2 

4.8 

1.3 

39.3 

78.7 

9.1 

1.2 

'May be considered numerically equivalent to weight percent 

I '  

I 

c 

Varlmce 

189.2 

0.1 

119.6 

3.2 

0.1 

42.9 

0.0 

0.1 

0.2 

0.5 

67.1 

2.6 

15.6 

42.8 

160.1 
71 7.6 
586.3 

0.3 

Coetllcknt 
of Varloncr 

26.308 

50.586 

31.085 

374.000 

664.61 7 

522.579 

469.630 

277.298 

42.371 

36.698 

475.066 

72.945 

49.622 

51 5.1 79 

32197 
34D45 
267.249 

46839 

70. 

Table 6 .  Simple Statistics for Minerals and Mineralic Ratios. 
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71. 

CHEMICAL FORMULAS FOR MINERALS 

ILLITE 

CHLORITE 

QUARTZ 

KAOLIN ITE 

SZO M 0 LN 0 KITE 

CALCITE 

ORTHOCLASE 

ANHYDRITE 

PLAG IOCLASE 

BASSANITE 

DOLOMITE 

SIDERITE 

PYRITE 

Table 7. Chemical Formulas for Minerals. 
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RATIO 2 

RATIO 3 

RATIO 4 

RATIO 5 
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72.  

RATIO DEFINITIONS 

KAOLIN ITE 

KAOLlNlTE + ILLITE 

QUARTZ 

QUARTZ + KAOLINITE + ILLITE + CHLORITE 

SIDERITE 

CALCITE + DOLOMITE + SIDERITE 

C AL C I TE 
CALCITE + DOLOMITE 

CHLORITE 

CHLORITE + KAOLlNlTE 

Table 8 .  Ratio Definitions. 
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PERCENT OF TOTAL GAS 
WELLS PRODUCING FROM 

COUNTY DEVON I AN 

b o t t  78.3 
(highest %) 

Magof f i n . 6 . 3  

r 

% DRY HOLES 
(C.06 MMcf/DAY) 

9.2 

32.5 
(h i.ghes t %) 

1- - 

I 

L 

r - -  

c 

I '  

UGR File #262 
Jane Negus-de Wys 
lnnr Dept. of Geology and Geography 
Dee- 1979 

7 4 .  
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Table 10. Counties with Highest and Lowest Open Flow Based on 

4205 Wells (Hunter 1964) 
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Symbol  
Summary 

@ 
@ 
@ 

0 
@ 

... ... 

a& = greatest 

r 

Feature Trend Dome 
N-S E-W NE-SW 

Age 

Rome Trough ix 
Floyd County Channel x I 
New York-Alabama 

I 
I 

X lineament I 
I 

I 
1 Cambrlan- Waverly Arch (east) X I 

Rome Trough a 

P-mbrlan 

Ordovlclan 

I 

I i 

I 

Growth Faults I; 
I 
I I 

1 
I 

I 
I I Sllurlan- Clncinnati Arch X 

Eastern Kentucky I 

Syncline I 
I 1 

I 
I 

I 
I 

I I 
I 
1 

I I X 
I I 
I 

Devonian 

I 

Miuisslppian Palnt Creek Uplift X 
X 

X 
Waverly Arch (west) 
Pike County Uplift 
Perry County Upllft I I 

Pennsyhranb Eastern Ky. Syncline I dl 
Plne Mountain Thrust 1 

(Woodward Fault I 
Zone) 

Surface Dlkes I (Woodward Fault I 

z-1 
movement or development v 

I 

X 1 

I 
1 
I 

1 X 
I 

Permain Igneous Intrusion 

aimclated 
wlth E-W 

I 

I 

r 

ane \eg-.s-~.t: 
W D e p t .  of Geology and Geography 75. 
Dec. 1979 

Table 11. Trends and Ages of Structural Features in the Eastern 
Kentucky Gas F i e l d  Area. 
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Figure 2.  Pattern of gas recovery in a portion of Floyd County, 
suggesting recovery from fractures (after Hunter and 
Young, 1953) .  
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EASTERN KENTUCK 
GAS FIELD 

5 0 5mi. 

S i t e s  of Well , 
cuttings. studied 

81. 

1 ,  

Figure 3.  Rock shale pressure dec l ine  of 200# contour from 1935-1951 
(a f ter  Hunter and Young, 1953). 
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Figure 4. Accordant summit leve ls  (after McFarlan, 1943). 
Shaded area shows E-W central trend of contours. 
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Figure 5 .  St ruc tu re  on top of the F i r e  Clay coa l  ( a f t e r  McFarlan, 
1943). Note: Northeast-southwest t rend  of sync l ine  in t e r -  
rupted by t h e  N-S trend of the Paint Creek Up l i f t ;  t h e  
nor theas t  basin is deeper than t h e  southwest bas in ;  t h i s  is 
t h e  area (NE) where t h e  "Cornif erous" limestone isopach 
suggests an e a r l y  basin;  and this nor theas te rn  area is  sug- 
gested by geochemistry t o  be an  area of marine t i d a l  
influence.  See Figures 48 and 104. Age of s t r u c t u r a l  
development i s  indicated i n  parentheses. 
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Figure 6. Coal face cleats (Long, 1979). 
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Figure  7. S t r u c t u r e  on top  of the B e r e a  ( a f t e r  Thomas, 1951).  
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Figure 8 .  Structure on t o p  of the Ohio Shale (after Provo, 1977) .  
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Figure 16. Isopach map of Berea-Bedford Sandstone (after Pepper, 
Demarest, Merrels, 2nd., and de  Witt, Jr. ,  1946).  At 
0-isopach the unit becomes a l l  shale. The PlOO-foot 
contour area runs almost N-S adjacent to the eastern 
side of the highest production area in Floyd County. 
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Figure 1 7 .  The locations of cross sections constructed from formation 
density logs. 
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Basement structure (after Shumaker, 1978) 
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Figure  18. S t r a t i g r a p h i c  cross s e c t i o n  B-B', southwest t o  north- 
eas t  through the f i e l d  center ,  showing l o g  t races  o f  
n a t u r a l  r a d i o a c t i v i t y  from the  format ion dens i ty  logs.  
l n te r tongu ing  o f  the b lack  and gray shales i n  the 
Cleveland a re  usua l l y  r e l a t e d  t o  the changes i n  n a t u r a l  
r a d i o a c t i v i t y .  The b lack  shale i n  the Cleveland i s  
shaded gray.  
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Figure 20. Stratigraphic cross section K'-K, north to south through 
the northern end of the f i e l d ,  showing traces of natural 
radioactivity from the gamma ray logs. 
zone is where the brown algae occur most commonly. 
been reported at  horizons i n  the Three Lick down through 
the Lower Huron (Provo, 1977; Swager, 1978). 
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Gas occurrence from temperature logs  i s  noted, where 
temperature logs are available. 
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Figure 26.  Structural-stratigraphic cross sect ion E-E'.  Gas 
occurrence is  noted where temperature logs are 
available.  
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Figure 27. Structural-stratigraphic cross section F'-H. 
Gas occurrence is noted where temperature logs  
are available. 
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Gas occurrences are noted where temperature 
logs are available. 
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are available. 
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Figure 31. Isopach map of total Ohio S h a l e .  
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7 

Figure 37a. Drawing of Archaeopteris from Gi l l e sp ie ,  et a l . ,  1978, 
wi th  permission from the West Virg in ia  Geological and 
Economic Survey. This f e rn - l ike  tree w a s  placed in a 
new class Progymnospermopsida i n  1971 a f t e r  the fronds 
of Cal l ixylon were found a t tached  t o  t h e  stem of 
Archaeopteris which is reported from seve ra l  l o c a l e s  i n  
t h e  Ohio Shale,  and is  known t o  exceed a diameter of 
f i v e  f e e t .  
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Figure 37b. Deposition of 'black muds in shallow tideless waters 
(after Twenhofel, 1939). "A peneplaned surface, or any 
level surface of any origin, is gradually submerged with 
plants adjusted to depths. The marginal areas are cov- 
ered with aquatic plants bathed by fresh waters. 
ward the aquatic plants are bathed by brackish and salt 
waters. Between the salt-water and fresh-water plants is 
a zone of variable waters. It is postulated that the 
plants would hinder and largely prevent circulation, thus 
insuring deposition of black muds. An advancing sea 
would leave a deposit of black mud over the area of ad- 
vance and this would become covered by other deposits as 
the waters become too deep for the plants to thrive. A 
receding sea would leave a deposit of black mud over the 
areas deserted." (Twenhofel, 1939). 
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Figure 38. Map of observed frequency of fracture horizons in  w e l l s  
s t u d i e d .  
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Figure 39. Map showing iso-value l i n e s  of percent gray clay- t o  mud- 
shale of t o t a l  sequence. 
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Figure 40. Map showing iso-value lines of percent organic brown 
s i l t y  mud-shale of total  shale sequence. 
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Figure 41. Map shoving iso-value lines of percent green clay-shale 
of t o t a l  shale sequence. 



r- 
. -  

P 

i-- 

" 

r -  

r 

I 

1 

I 

r 

I 

r-. 

r-- 

Jane Negus-de Wys 
lrNu Dept. of Geology and Geography 
Dec. 1979 

. 
SOPACH OF HIGHLY ORGANIC BLACK 
IUD SHALE [ I N  FEET1 

\ 

\ 
L 

\ 

1 
L - 

\ f J - - * .  
\ 

L , '.. . cJ 

122. 

> - c=ee r .  

* - J  
i 

-ni-\ ,* , ,  3 e r' ' /  N 5 0 5 10km 
'/ - sitos of Well / 

/ , Cuttings Studied 
J m u 8  0 

Figure 42. Isopach map of highly organic black mud-shale (in feet). 
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F igure  4 3 .  Upper Devonian b l ack  shale isopach map ( a f t e r  Harris, 
d e  W i t t ,  Jr. ,  and Colton, 1978).  Contours i n  f e e t .  
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Figure 44. Map showing iso-value lines of percent shale in t o t a l  
shale sequence. 
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Figure 4 5 .  Map showing lines of percent si lt  plus sand in  tota l  shale 
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Figure 4 6 .  S i l t  to sand ratio map. 
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Figure 47. Map showing iso-value lines of percent carbonate in total  
sequence. 
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Figure 48. Isopach map of "Corniferous" limestone (McFarlan, 1943). 
Contours in f e e t .  
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Figure 49.  Map showing occurrence of redbeds and bentonites. 
Contours in  f ee t .  
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Figure 51. Structure on the Big Lime (after Miller and Withers, 
1928). 
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Figure 52. I so l ines  drawn on quartz data from Hunter (1935). 
values are  based on published county averages in  percent. 
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Figure 53 .  I so l ines  drawn on pyri te  data from Hunter (1935) .  Data 
values are based on published county averages in percent. 
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Figure 54. I so l ines  drawn on kerogen data from Hunter (1935). 
values are based on published county averages in  percent. 
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Figure 55. Isolines drawn on bituminous material data from Hunter 
(1935) .  
averages in percent. 

Data values are based on published county 
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Figure 56.  I so l ines  drawn on estimated ultimate recovery w e l l  data 
(Hunter, 1935) .  Data values are based on published 
county averages. 
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Figure  58.  Si ox ide  graphs i n  well p o s i t i o n s .  
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Figure 63. Computer-generated map of average Si oxide values in the 
Three Lick unit .  Darkest print out area represents the 
highest l eve l .  Intervals in mapping are not necessarily 
equal value increments because of computer mapping con- 
straints .  See key on preceeding page. 
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Figure 64. Comparison of computer drawn map miniatures f o r  
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Figure 65. Computer-drawn maps for Si/A1 oxide ratio for stratigraph- 
i c  units.  B/B  = Berea/Bedford; C = Cleveland; 3L - Three 
Lick; UH = Upper Huron; MH = Middle Huron; and LH = Lower 
Huron; TS = Total S h a l e  Sequence; 0s = Ohio Shale. 
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Figure 66. Computer-drawn map of Ratio 1 for total stratigraphic 
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sequence studied. 
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Figure 70. Computer-drawn map of Rat io  5 f o r  total stratigraphic 
sequence studied. 
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Figure 72. Locations of 4750 w e l l s  for which f ina l  open f l o w  data was 
supplied by Kentucky-West Virginia Gas. 
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Figure 74. Computer-drawn map of open flow data. 
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MMcf/Day Final Open Flow 

Histogram of open flow data (0.00 > 2.00 MMcf/day open 
flow). Vertical scale i s  number OF w e l l s .  Total w e l l s  = 
4750;  tota l  w e l l s  used = 4138. Note vertical break in  
scale.  
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Figure 76 .  Histogram of open flow data (0.00-0.225 MMcf/day) vertical 
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WP WiTn-HXK) WELLS 

Figure 79. Pattern resulting from connecting all wells with .5 
MMcf/day where not contra indicated. 
compared with Figure 76 in order to recognize the density 
of data and constraints of such density imposed on this 
pat tern. 
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Figure 8 4 .  Trends of high open f l o w  data taken from Figure 83. 
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Figure 85.  Trends of l o w  open flow data taken from Figure 8 3 .  
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> 2 0 m m  
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C) 
d )  

Polar Plot of High Open Flow Trends 

Figure 86. Polar p lo t s  of high  open flow data trends. 
trends are measured from a 1:250,000 sca le  map. 
sca le  = number of trends. X = trends. 
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Figure 87. Polar plots of l o w  open flow data trends. 
Radial s ca le  = number of trends. 
Trends measured on a 1:250,000 sca le  map. 
X = trends. 
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DEVONIAN SHALE COMPOSITE 
FROM OUTCROP "~4331 

I Long ,197 91 

Figure 89. Polar plot of composite of Devonian Shale fracture 
orientations at outcrop (after Long, 1 9 7 9 ) .  
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A' 
sour heast A Eastern Kentucky 

Northwest 

Attitude of Fire 
Clay Coal at Time 
of Dopori t ion 

Nose of Paint 
Creek Uplift Attitude of Black 

Shale at Time Of 
Deposition of 
Fir. Clay Coal 

" Eastern Kentucky 6' 
Syncline Northeast m 

South west 
Clay Coal at Time 
of Deposition 

Presont At t i tud. 
of Flre Clay Coal 

Attitude of Black 
Shale at Tlme of 

Nose of Paint Prorent Attitude 

. 
- -  Creek Uplift of Black Shale 

Figure  91. Cartoon comparison of d e p o s i t i o n a l  and p resen t  a t t i t u d e s  
of F i r e  Clay c o a l  and b l a c k  s h a l e s .  
Upper diagram a f t e r  McFarlan, 1943. 

N o  scale is  in tended .  
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F igu re  92. P a t t e r n  of open f low basic f r a c t u r e  band t r e n d s  from 
Figure  79. Compare w i t h . F i g u r e s ,  73, 74, 80, 81, and 83. 
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CONTINENTAL PLATES IN DEVONIAN TIMES 
J 

I by permission from Heckel and Wit ze ,19i 

Figure 96. Position of continental plates in Devonian time (from 
Heckel and Witze, 1978, with permission). 
of study area. 

Note position 
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STORMS A LOUW Devonian 

EXPLANATION 
\ '- probable limit of Devonion sea on croton 

9 predominantly carbonate 

;:., , limit of thick evoporites 
o ooids 

K potash 1 
thick}mixed carbonate- terrigenous s- thin .. 

--..- =-.= predominantly terriqenous detrital 
R redbeds 

black shale 
P phosphorite 
A chert 
8 coal 
0 study area 

- 

A A probable mountains 

*ii'lillh probable post-Devonian tectonic suture 

(with permission from Heckel and Witze,197 

Figure  97. Lower, Middle, and Upper Devonian paleogeography (from 
Heckel and Witze, 1978, w i t h  permission) .  

I 

I .  
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c 

>OMPARSION OF OPTIMUM TOTAL SHALE THICKNESS,\FRACTURE 
ICCURENCE, AND STRUCTURAL POSITION ON TOP OF'.QHIO SHALE 

\ 
1 . L . . 

\ 

I C" 
L. 'C.I.=lOOf 1. 
'x* Thickness of Total 

Ohio Shale . 
)PTIMUM CONDITIONS 

1) a)Fractures: 2)a) Fractures: 3) a)Fractures: 
3WWeII  10 to30/WelI 101 Well 

b)Thic k ness: b)Thickness: b)Thicknesr: 
500'to 600 500'to 600' 300'to 600'+ 

c)S t ruc t ure: c) Structure: c)Structurc: 
-1OOO'tO -1 250' - 1 O W '  t 0-1 250' 1000' t O -1 2 50' 

EASTERN KENTUCKY 
GAS FIELD 

5 mi. 1 N 5* 5 0 5 10km. 

. Oms Wmlts Drillmd Through 
Dmvonmn nuron Shmln 

August. 1979 J NWus d. Wya 

Figure 100. Using fracture relat ionships shown i n  Figure 99 prior i ty  
areas 1 ,  2 ,  and 3 are presented as predict ive of high gas 
recovery. For comparison, contours of density of high 
producing wells from Gri f f i th ' s  (1976) two maps are shown. 
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Figure 101. Isopach map of brown shale in Prestonsburg quadrangle, 
with demarcation line of 40.1 MMcf/day open flow and 
'0.1 MMcf/day open flow (after Thomas, 1951). 



-- 
-I
 

-7
 

C
o

n
to

u
rs

 
o

f 
E

le
m

e
n

ta
l 

D
a

ta
 

F
ig

u
re

 1
02

. 
H

an
d-

co
nt

ou
re

d 
m

ap
s 

of
 

el
em

en
ta

l 
d

at
a 

re
p

re
se

n
ti

n
g 

av
er

ag
es

 o
f 

va
lu

es
 f

o
r 

th
e 

en
ti

re
 

sh
a

le
 s

eq
u

en
ce

. 
d

en
si

ty
 o

f 
h

ig
h

 p
ro

du
ci

ng
 w

el
ls

. 
T

h
es

e 
ar

e 
so

m
e 

of
 

th
e 

m
ap

s 
w

hi
ch

 s
ho

w
ed

 s
im

il
a

ri
ty

 t
o

 t
h

e 
co

n
to

u
rs

 o
f 

d
e

W
y

s
 ,1

97
9 



Jane Negus-de Wys 
wu Dept. of  Geology and Geography 
Dec. 1979 191. 

r- 

i- 

I 

I 

I 

I 

C 

I 

r 

I 

J .  Negus do Wys 
August ,1979 

4 STAGE 1 OF INTERPRETATION 

Figure 103. Map showing f i r s t  s t a g e  of geochemical i n t e r p r e t a t i o n  
based on f i v e  r a t i o  maps.CFigures 66, 67, 68, 69, and 
70). 
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COMPOSITE INTERPRETIVE MAP 
OF RELATIVE ENVIRONMENTS 
Nonalkaline 
Fresh (Highest) 
Close To Clastic Source(2) 

1 

ClO8.f TO 
Clamtic 
Soure. 

2 

I 
MARINE AND 

ALKALINE INFLUENCES 
Evaporative 

Environmt 

STAGE 2 OF INTERPRETATION 

J. Mogul 6.Wym 
August ,1979 

Figure 104. Maps show-ig second stage of geochemical 
interpretation based on f ive  ratio maps. 
See Figure 103. 

a ., 
W 



r- 

r ' 

r- 

r 

I 

r 

Jane Negus-de Wys 
WW Dept. of Geology and Geography 
Dec. 1979 193. 

OW1 RATIO 

5. 

1. Si/Al ratio for shale 
sequence. See 
Figure 6Q. 

2. Natural radioactivity 
with stratigraphic 
units. See Figure 18. 

3. Comparison of cross 
section of hand contoured 
(solid line) with computer 
contoured cross section 
Cdotted line). 

4. Structural-stratigraphic 
section. See Figure 24. 

5. Lithology cross section. 
See Figure 34. 

Figure 105. Comparison,of similar cross sections. For details see 
figures noted. 
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Figure  106. Comparison of S i /Al  oxide  r a t i o  map Caverage f o r  t o t a l  
s h a l e  sequence) w i t h  d e n s i t y  of h igh  producing w e l l s  
0.5 MMcf/day/25 square m i l e s  ( the l a t t e r  map a f t e r  
Gr i f f  i t h ,  1976).  
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